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PREFACE TO THE SIXTH EDITION 


In the preparation of this new edition, with its change of type and format, 
it was felt that the time had rome for a considerable alteration of the text 
not only by the incorporation of new material but also by the omission of 
rertain parts that appeared no longer to serve a useful purpose. 

In the time that has elapsed sinre this text-book was first published in 
1898 vertebrate zoology has grown in every direction. Particularly is this the 
case in its paleontology. So many new forms have been discovered and de¬ 
scribed that previous ideas on the evolution of many lines of vertebrates have 
become not only enlarged but also much modified. Especially noticeable in 
this respect Is the increase in our knowledge of the Agnatha, the Paleozoic 
Mshes, the early Amphibia and Keptilia and, though still to an insufficient 
xtent, the Mesozoic and Pahcocene Mammals. 

It Iras not been thought desirable, even if it were possible, to alter the 
general plan of a text-book that has served well so many generations of students. 
New material therefore has been inserted wherever it seemed best to fit. The 
difficulty of making large alterations in a standard text without producing some 
disturbance is obvious and some inequality of treatment and some occasional 
repetition have been unavoidable. It Is hoped, however, that the continuity 
of the text has not been materially impaired. 

The main alterations are as follows. The small sections in the previous 
editions on the Agnatha and Palaeozoic Fishes which were formerly printed 
as an appendix in small type have been rcwiitten and enlarged and have been 
placed in appropriate ]>ositions in the general text. A new classification of 
Fishes in which four classes are recognised is brought into use. The Amphibia 
and Reptilia have suffered a less drastic modification, but some changes ■ 
the result of a wider knowledge of their early histoiy —have been introduced. 
Except for minor points the section on the Birds has been little altered. In 
the section on the Mammals there will now be found a somewhat fuller treat¬ 
ment of the orders together with some brief account of extinct forms without 
which the position of the living animals cannot properl) be understood. The 
text here has been altered in appearance by the transposition of certain parts 
as, for example, the descriptions of the osteology of the orders formerly placed 
together under the heading " General Organisation " have been divided and 
each placed with its own order. The remainder of the section on general 
organisation remains but additions have been made to it. 

Consideration of space has necessitated the withdrawal of the sections on 
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Geographical Distribution, on the Philosophy of Zoology and on the History 
of Zoology. To bring these subjects up to date would render the volume un¬ 
wieldy. As it is there has had to be a good deal of compression as well as 
excision, but it is hoped that the student will find enough to serve as a general 
account of the Chordata. No one text-book, if it is to be of reasonable size, 
can possibly cover all the ground, so that for further and more detailed informa¬ 
tion Ihe student must turn either to original papers or to such books as " The 
Structure and Development of Vertebrates ” by Goodrich for questions of 
morphology and for the palaeontological aspect to the " Vertebrate Palaeon 
tology " by Romer, to mention only two. A list of books and papers which 
are recommended is given in an appendix. 

No text-book can hope to be free horn some errors, and such might have 
been more numerous hail I not drawn freely on the help of many colleagues 
both at home and in the United States. 1 have to thank lor much advice anil 
assistance the following gentlemen: Dr. L. A. Borradaile, Dr. P. M. Butler, Pro¬ 
fessor H. A. Harris, Dr. J. E. Harris, Mr. F. R. Parrington, M.A., Mi. W. J. 
Heasman, M.A., H.M.I., Dr. P. Whiting, and Dr. W. Graham Smith, all 
of the University of Cambridge. To Professor W. K. Gregory and Dr. G. G. 
Simpson of the American Museum. To Piofcssor D. M. S. Watson, Pro¬ 
fessor C. H. O’Donughuc, Dr. T. S. West oil and I)r. Moy-Thomas, and finally 
to my colleagues in the British Museum, I)r. A. T. Hopwood, Mi. J. R. Nonnun, 
Mr. N. B. Kinnear, Dr. W. E. Swinton, Dr. E. 'Irewav.is and Dr. K. 1 . White. 
1 have to thank Mr. H. A. Toombs, of the British Museum, for undertaking 
the arduous task of compiling the index. 


C. FOKSTER-COOrFR. 
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PH\ 1UM (HORDU'A 

In the arrangement which it has been found convenient to follow in the 
piescnt woik, the Vutcbialc aninnls (1 lsln s, Amphibians, Reptiles, Birds, 
and Mammds), together with the Ccphalochorda m Lmcclels, the Uroehoida 
or Ascidians, and the lie niu hoi da 01 Balanoglossus and its allies, are all group* d 
together in a single phylum -the Chordata I hi main gioups comprised in 
this jssimbl lge, howeui, differ so widely fiom one <mothu in certain essential 
{Knots, and the common leatuns uniting tliim together au so tew, tint it has 
been thought advisable to depot fiom the plan ol arringuntnt followed in 
connection with the muilchi itc phyla, and to make a primary division in 
this ease not into ilassc s but into sub ph\la In aceordinct with thi- scheme 
the phylum Chonlala is regarded as made up ol three sub-phyla the Ilc mi- 
c horcLi the C iodiorda, and the 1 uchoid i the last mentioned comprising the 
t wo sect ions Auann and .(.lainatji oi ^eit ebral a, neh of which receives 
separate treitmuit 

Ihc nun* ( hordata is dimed liont one or the few hut stnkuig common 
feature by wlucli the mcmhiis ol this ixtcnsiv phylum are united togethei — 
thi pos-a-sion, either in the young eondition or throughout lift, of a structure 
termed the thmdn rfoiWis m I his is i cold of specially modifie d 

vaeuolitiet cells extending along the nuddle hnc on jhe doisal side erf - fl e 
enteiiT cavity ind on thHei itial s itl e"of tin anti il ncivom> system In the 
fowerThoi d itc s (tlu Then hordu anil (c pli ilothord i) t he notochoid is developed 
diifclly and unmistakablv from th e endoden n, and in the Ilemichorda it 
icrnams peimantntly m eimtiniuty with that Iayci Hut in the Cramala its 
oiigin is by no iiuans so dt finite and it may originate lion < lls which are not 
obviously of endodermal ckiivatiou It may be' enclosed in a hrm sheath 
and thus lie conveitcd into a stiff, but ihstic, >uppenting structuic. In the 
Cramata (with a lew cvuptions among lower lonus) it becomes in the adult 
replaced more oi less cotnplc tdv by a segmented bony or eaitilaginous axis - 
the spinal or vertebial column Another marly universal common feature of 
the Chordata i s the peifora tion of the_wal]__of_ t he p harynx either in the 
VOI II. b 
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embryonic or larval condition only, or throughout life, 
by a system of clefts—the branchial clefts; and a 
third characteristic is the almost universal presence 
at all stages, or only in the larva, of a cavity or system 
of cavities, the neurocn le in the interior of the central 
nervous system. 

The Chordata are Coelomata, and the mode of 
development of the coelome in the lower sub-phyla 
is essentially the same as in the Echinodermata 
(Section XI), the Chaetognatha (Section X), and 
Biachiopoda: it is derived, that is to say, by 
direct outgrowth from the archentcion. In the 
Craniata this enteroccclic origin of the cavity is no 
longer definitely traceable, though 'what appear to 
be indications of it may be detected in some cases. 
The Uroohorda arc not divided 1 : in the Hcmichorda 
there is a division of the cu'lome into three parts, 
each occupying a definite region of the body, so that 
the view is sometimes maintained that these animal s 
are tn-segmented: in the Cephaloehorda and Craniata 
there are numerous segments, the nature oi which 
will be referred to later. 

SUB-PHYLUM I AND CLASS.-HEMICHORDA 
(ADELOCHORDA). 

A number of worm-like, simply organised animals 
possessing a structure which is commonly regarded 
as of the nature of a rudimentary notochord, com¬ 
prising Balanoglossus and ceitain idlied genera, are 
so widely removed from the other members of the 
Chordata that, if we accept them as Cliordates, it is 
advisable to consider them as constituting an inde¬ 
pendent sub-phylum, and to this the name ot Hemi- 
chorda or Adelorhorda has been applied. Resem¬ 
bling Balanoglossus in the condition of the supposed 
notochord, in the division of the body into three 
regions, sometimes looked upon Us representing three 
segments, and in certain other features, are two 
genera of small marine animals —Cephaloiiscus and 

1 1 bough faint indications of serial repetition of parts aic 
trai table in certain i ases 
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Bhabdopleura. These are probably more nearly related to one another than 
they are to Balanoglossus, from which they are separated by well-marked 
differences, and the Hemic horda may, therefore, best be regarded as divisible 
into two classes—one, the Intcropneusta, comprising only Balanoglossus 1 
and its immediate allies; the other, the Plerobranchia, including Cephalo- 
disrus and Rhabdopleura. 

External Characters and Coelome of Enteropneusta.- Balanoglossus (Fig. 
i) is a soit-bodied, cylindrical, worm-hke animal, the surface of which is 



l ( u> i Balanoglossus. 0iaKid.mm.itu filial sution or auhrior end nod s cardial 
M( , <hi diverticulum (supposed uoto* fiord), dors n. dnisU. neivr stiaud dm s dorsal 
sinus, do/s i (ltirsal vesstl ( wo mouth, prob pioboscis, piob. po proboscis penc prott \krl 
proboscis skeleton uni w ventral ncive-stiand, mit v vrnli.il vessel, (\ftei Spoil gel) 


uniformly ciliated '1 he size varies extremely m the different species some 
being quite small—2 or j ccntuueties- while other species are of comparatively 
large size and may be as much as 2\ metres in length. It is divisible into three 
regions: in front there is a large club-shaped hollow organ—the proboscis 
{pr ); immediately behind the proboscis and encircling its base is a prominent 

1 1 lie name llalanoglosuis is heie ns<a .is a general designation ntber than as a strictly 
generic term. 
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fold—the collar (co.); the third region or trunk is long and nearly cylindrical, 
but somewhat depressed. 

Balanoglossus lives in the sea, usually in shallow water, burrowing in sand 
or mud by means of its proboscis: one species has been found swarming on 
the surface of the sea. Numerous glands in the integument secrete a viscid 
mattci to which grains of sand adhere in such a way as to form a fragile 
temporary tube. The proboscis (Fig. 2, prob.) has muscular walls; its 
cavity (proboscis-coelome) opens on the exterior usually by a single minute 
aperture—the proboscis-pore (prb. po .)—rarely by two. In some species the 
proboscis-pore does not communicate with the proboscis-coelome, but terminates 
blindly, and may send off a narrow tubular diverticulum which opens into the 
neurocoele. The narrow posterior part or " neck " of the proboscis is strength¬ 
ened by a layer of cartilage-like or chondroid tissue, wliich supports the blood¬ 
vessels. The collar is also muscular, and contains one cavity, or two (right 
and left) cavities separated from one another by dorsal and ventral mesenteries, 
and completely cut of) from the proboscis-cavity. The collar-cavity and 
also that of the proboscis are crossed by numerous strands of connective- 
tissue of a spongy character. The collar-cavity communicates with the 
exterior by a pair of collar-pores— ciliated tubes leading into the hrst gill-slit 
or first gill-pouch. 

On the dorsal surface of the anterior part of the trunk is a double row ot 
small slits—the gill-slits (Fig. i, br.) - each row situated in a longitudinal 
furrow; these slits increase in number throughout life. The most anterior 
arc in some species overlapped by .1 ]>ostcrioi prolongation of the collar called 
the operculum. A pair of longitudinal genital ridges (gen.)- not recognisable 
in some species—which extend throughout a considerable part of the length 
of the body both behind and in the region of the gill-slits (banchial region), 
are formed by the internally situated gonads . these ndges aie so prominent 
in some of the genera as to form a pair of wide wing-like lateral lolds. Behind 
the branchial region aie two rows of pioininemes (hep.) foimed by Iho hepatic 
caeca. 'Ihe tiunk is irregularly ringed, this anuulation, wliich is entirely 
superficial and does not correspond to an internal segmentation, being most 
strongly marked behind. The coelome ot the trunk is divided into two lateral 
closed cavities by a vertical partition (dorsal and ventral mesenteries). 

Digestive Organs. —The mouth (Fig. 2, mo.) is situated vcntndly at the 
base ot the proboscis, within the collar. Into the dorsal half of the anterior 
portion of the alimentary canal open the internal gill-openings. Each of these 
is in the form of a long narrow U, the two limbs separated by a narrow process - 
the tongue which contains a prolongation of the body-cavity. In most of 
the Enteropneusta the internal gill-openings lead into gill-pouches which in 
turn communicate with the exterior by the gill-slits. But in the genus 
Ptychodera (Fig. 3) there are no gill-pouches, the U-shaped internal gill- 
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. ^ leading directly to the exterior. The gill-pouches are supported by 
uJcjbituipid skeleton consisting of a number of separate parts. Eachof these') 
consists of a dorsal basal portion, and three long narrow lamellae, a median' 
and two lateral; .the median, which is bifurcated at the end, lies ih the septum 
or interval between two adjoining gill-sacs; the two lateral lie in the neigh¬ 
bouring tongues. In most species a number of transverse rods—the synapticulee. 
—connect together the tongues and the adjoining septa, and are supported 
by slender processes of the skeleton. 

The posterior part of .the ali¬ 
mentary canal is a nearly straight 
tube, giving off, in its middle part, 
paired hepatic ceeca, which bulge 
outwards in the series of external 
prominences already mentioned. 

Posteriorly it terminates in an 
anal aperture situated at the pos¬ 
terior extremity of the body. In 
the posterior part of its extent in 
some Enteropneusta the intestine 
presents a ventral median ridge¬ 
like outgrowth of its epithelium— 
the pygochord. Throughout its 
length the intestine lies between 
the dorsal and ventral divisions 
of the vertical partition, which act 
as mesenteries. 

As the animal forces its way 
through the sand, a quantity of 
the latter enters the digestive 
canal through the permanently 
open mouth, and is eventually 

passed out again by the anus in the shape of castings, which may be thrown 
out on the surface of the sand in a form resembling that taken by the castings 
of earthworms. 



Fig. 3.—Ptyohoden hnhamm«»«. Transverse 
section of the branchial region. 6. branchial part 
of alimentary canal; b. c s , coelome of trunk; a. m. 
dorsal mesentery; d. ». dorsal nerve; d. v. dorsal 
vessel: 1). epidermis with nerve layer (black) at its 
base; g. genital wing; g. p. branchial aperture 
encroached upon by tongue (<); l. lateral septum; 
in. longitudinal mdscles; 6 . digestive part of 

(esophagus; r. reproductive organ; t. tongue; v. 
ventral mesentery and ventral vessel; v. ft. ventral 
nerve. (From I-Iar 
after Spengel.) 


Iarmer, Cambridge Natural. History, 


A series of pores (^astro-cutaneous pores), variously arranged in the different 
genera, connect the intestine with the surface. 

tfotoehord or oesophageal diverticulum.— The dorsal wall of the part of 
the digestive canal immediately following upon the mouth gives off a 
diverticulum (div.) that runs forward some distance into the basal part of the 
proboscis after giving off a short ventral branch. The diverticulum contains 
a narrow lumen, and its wall is composed of a single layer of long and very 
narrow cells, each of which contains a vacuole. This layer of cells forming 
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the wall of the diverticulum is continuous with the epithelium of the digestive 
canal itself, the cells being somewhat modified by the presence of the vacuoles. 
The diverticulum, owing partly to its structure, partly to its relations, is usually 
regarded as representing the notochord of the typical Chordata. In close 
relation with this on its ventral surface is the chitinoid proboscis-skeleton (prob . 
skel.), which consists of a median part of an hour-glass shape, and with a tooth¬ 
shaped process, bifurcating behind into two flattened bars which lie in the 
anterior region of the oesophagus and support the opening into the lumen of 
the diverticulum. 

There is a blood-vascular system with dorsal and ventral longitudinal 
trunks. The dorsal vessel (< dors . v.) lies above the notochord, and ends in front 

in a sinus, the dorsal sinus or heart 
{dors, sin.), situated in the anterior 
part of the collar and the neck of 
the proboscis, in close contact wilh 
the notochord. From the posterior 
part of the sinus is given off a 
vessel which bifurcates to supply 
the proboscis In communication 
with the sinus in iront are a number 
of vessels of a bilateral plexus in 
the glomerulus , u glandular organ, 
probably excretory, situated at the 
anterior end of the oesophageal 
diverticulum. From the posterior 
end of eacli half ot the glomerulus 
there passes backwards an elferent 
vessel which breaks up into a plexus; 
the two plexuses unite ventrally to form a median ventral plexus continuous 
behind with the ventral vessel. The dorsal sinus, having no definite walls, is 
not contractile; but a closed sac, the cardiac sac [card, &.), situated on the 
dorsal side ot the sinus, has a muscular ventral wall, by (he contractions of 
which the blood may be profiled. 

The nervous system consists of dorsal and ventral strands [dors. vent, n.) 
which extend throughout the length of the body. These are merely thicken¬ 
ings of a layer of nerve-fibres which extends over the entire body in the deeper 
part of the epidermis. Here and there are giant nerve-cells. The part of the 
dorsal strand which lies in the collar (collar-cord) is detached from the epidermis; 
it contains a larger number of the giant nerve-cells than the rest; in some 
sj>ecics it encloses a canal, the neurocoele, opening in front and behind; in 
others a closed canal; in most a number of separate cavities. At the posterior 
extremity of the collar the dorsal and ventral strands are connected by a ring- 



Kjg 4 —Development oi BalanOfflomu. 

A, stage of the formation of the first groove (^.). 

B, stage in'which the second groove has appeared, 
and the first gill-shl ha& become developed 10 . 
lolUi, f> t/ gill-slit, pr. proboscis (After 
Jldtesnn ) 




PHYLUM CHOfcDATA 7 

like thickening, and there is a thickening also round the neck of the proboscis. 

1 np 01 \ ans of s l )ecial sense i but some cells of the epidermis on certain 

parts of the proboscis and on the anterior edge of the collar seem to be of the 
character of sensory cells. 

Reproductive Organs.— The sexes are separate, and often differ in shape 
and colour; the ovaries and testes are simple or branched saccular organs 
arranged in a double row along the branchial region of the trunk and farther 
back; they open on the exterior by a series of pores. 



(mcmbranellae); cil. r 1 . posterior ciliated ring; eye, Ku;. . 6 .— Tornaria. Lateral view. Let 
eye-spots on apical plate; prob. cav. proboscis- teriiigafi in Fig. 718; in addition, ini. intestine 

cavity; prob. po, proboscis-pore. (After Spengel.) wo. mouth. (After Spengel.) 


The course of the development (Figs. 4-6) differs in different species. 
In some it i s com p aratively direct ; i n others there is a metamorphosi s. Im¬ 
pregnation isextemal . Se gm entation is complete and fairly Te gular, resulting 
in the formation of a blastula. which is at first rounded r then flattened . On 
one side of the flatten ed blastula an invagin ation takes place. Jhe embryo at 
this stage is covered with short cilia, noth a ring of stronger c ilia . The apertur e 
of invagination closes a nd the ectoder m and endoderm become complete ly 
separate . The embry o elongate s and a^transverse gr oove (gir.) a ppears {A) : 
the mouth is formedby an invaeinati tmln" ffii^pb^ 5 bn of the groove. The 
anus is developed in the position formerly occupied by the blastopore; Before 
the mouth appears there are formed two diverticula of the archen&ton which 
become completely separated off, their cavities subsequently giving rise to the 
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coelomic cavities of the* proboscis and of the collar, and the body-cavity of the 
trunk. By the appearance of a second transverse groove (if) the body of the 
embryo becomes divided inlo three parts —an anterior, a middle, and a posterior 
—these being the beginnings respectively of the proboscis, the collar, and the 
trunk. The branchial region is marked oil by the appearance of a pair of 
apertures—the first pair of branchial slits {g. si.) -and other pairs subsequently 
develop behind these. 

In the species that undergo a metamorphosis the embryo assumes a larval 
form termed Tornaria (Figs. 5 and 6). This is .som ewha t like an Echin o- 
denp larva, with a looped ciliated band, sometimes lobed, sometimes produced 
into tentacles, running along its anterior part, and a ring of membranellap 
(cil. r.) t in some cases with a ring of smaller cilia [cil. r*.) f lound the posterior 
(anal) end. At the anterior end, in the middle of the pre-oral lobe, is ah 
ectodermal thickening—tjic apual plate containing nerve-cells and eye-spots, 
ajjd, like the apical plate of a tiochophore, constituting the nerve-centre of the 
larva : this disappeais in the adult There is a short alimentary canal with 
mouth ancTaims. The cib'ated bands aie lost; an outgrowth is iormed to give 
rise to the proboscis, and a constriction separates it from the collar; the hinder 
part becomes elongated and narrow to form the body of the animal p a series 
of perforations from the exterior give rise to the branchial pouches. A band 
of thickened epithelium has been described on the wall of the oesophagus 
and has been supposed to correspond to the structure termed nidostyh to be 
subsequently met with in the Tunicatn. The collar-cord is lonncd by the 
separating off of the deeper poition of the ectodeim along the middle line : 
or, in other species, by a sinking down of the whole thickness of the lavei, 
which becomes rut off to form a medullary plait* with its edges ovetlapped by 
the adjacent ectoderm. 

Constituting the doss Pterobranchla aie only the two genera Ccplialodiscus 
and Rhabdopletua . These both resemble Balinoglossus in having the body 
divid ed into three parts or r egions, a proboscis with a proboscis-cavity, a 
ToUar with a collar-cavity communicating with the exterior by a pair of collar- 
pores (nephridia in Rhabdopleura), and a trunk with two distinct lateral 
cavities, and in the piesence of a structure resembling a notochord with the 
same relations to the nervous system as in Balanoglossus. They both differ 
from Balanoglossus in having the ali mentary canal bent on itself, so that the 
anal opening is ^situated not lar from TITe mouth! "fn the presence of arms 
bearing tentacles arising from the collar; and in the comparatively small size 
of the proboscis, f ephalodiscus, moreover, has onlyja s jnglc pair of apertures 
w hich may be regarded as repr esenting the g ill-slits; while i n Rhabaop leura 
such openings are entirely"absent, their places being taken, apparently, by 
a pair o f ciliat ed grooves. Both forms occur in associations or colonies secret¬ 
ing a common case 01 investment. Both occur in the sea at various d epths. 
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Cephalodiscus has an investment (Fig. 7) in the form of a branching 
gelatinous structure, which is in some species beset with numerous short fili¬ 
form processes, and contains a number ol tubular < avities with external open¬ 
ings, occupied by zooids. The latter (Ing. 7) arc not in organic continuity, 
so that, though enclosed in a common investment, they do not form a colony 
in the sense in which the word is used of the l’olyzoa or the Hvdroid Zoophytes. 
They have a feature in common with such 
a colony tha^ the y multiply hv the Iprina- 
tibn of bud& but these become detached 
TJeiore they are mature. Willi the (oll.ir- 
region are connected a senes of usually eight 
to sixteen arms, each beset, except in the 
case of the male of one species, with 
numerous very fine pinnately-dmingcd ten¬ 
tacles, and < ontaiiiiug a pi olongation ol the 
collar-cavity. The proboscis (Fig. 9, />&.) is 
a shield-shaped lobe ovei hanging the mouth , 
its cavity communicates with the ext mm 
by two proboscis-pores (p. p.). 'Ihccd' , h 
of the collar communicates with the externa 
by a pair of cili.ited passages opening by tin 
eollar-poics. Behind the collar-region on 
each side is a small aiea 111 winch the body 
wall and that ol theph.uynx aie coalcsccnt. 
this area is perforated by an opening -thi 
gill-slit, ('ilia occui only on the arms, pn>- 
boscis, and lateral lip-.. A nerve-sir am 1 , 
dorsal ganglion, or collar-coni, containing 
nerve-fibres and ganglion cells, is situated 
on the doisal side ol the collar below tlic 
epidermis, anrl is prolonged on to the doisal 
surface of the proboscis and the dorsal sur¬ 
face of the arms; it i* not hollow. On the 
ventral side of this neive-straiwl is a very 

slender cyhnducal cellular cord (tuh.) continuous behind with the epithelium 
of the pharynx: this is homologous with the diverticulum of Balanoglos- 
sus, and thus homologous with tin 1 nntochotd of the Chordata. A blood- 
vascular system with heart and rarchai -.ac like those of the Knteropneusta 
is present. In some* species of Ccplialodiscus the sexes are united, in most 
they are separate. The posterior end of tlie body is drawn out into a sort of 
stalk on which the buds are developed (Fig. 8). A pair of ovaries (Fig. 9, ov) lie 
in the tr unk -cavity, and there is a pair of oviducts ( ovd.) lined by elongated, 



11,. 7 —CephalodlMM dodec&lo- 
phliB. ficUtinoub investment. (After 
Mi I lit osli) 



1 H- 4 Cephaloducua dodecalophui. I ntnc mold (After Mi Intu-di) 


formed by invagination at t oiding to another, the segmentation is incomplete, 
and gastrula is formed by del animation The larva bears a striking resem¬ 
blance to that of Ectoproct Folyzoa 

Kliabdoplema (Jog. io) occuis in tolomeb ol zooids oigannally connected 
together, «md entlosed in, though not in organic continuity with, a system of 
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brandling membranous tubes connected with a creeping stolon. The collar- 
region bears a pair of hollow arms, each carrying a double row of slender 
tentacles—the whole supported by a system of firm internal (cartilaginous ?) 
rods. There are two collar-pores, each leading into a ciliated canal with an 
internal, funnel, and a pair- of proboscis-pores. The " notochord “ and the 
nervous system resemble those of Cephalodiscus. The sexes are united. 


Cephalodiscus, of which there 
are three sub-genera with fifteen 
species, has been found at various 
widely separated localities in the 
So uthern Hemispher e (Straits of 
Magella n. Bornga^_CeJ€bfiS._-Tkc 
Antarctic) species occur also off 
the coast of Jap an-and ..Korea. 
Some’ “KveTIn shallow water: none 
.have been found at a greater depth 
than about 300 fathoms. Rliabdo- 
.pleura has been found at moderate 
depths in Norway, ShetJaml^jfhe 
North Atlantic,^ France, the Azores, 
Tristan d’Acunha, Cejebes.^nd South 
AustraIia..“Tt seems doubtful if more 
than one species occurs. 

Affinities.—The inclusion of the 
Hemichorda in the phylum Chor¬ 
data is an arrangement the pro¬ 
priety of which is not universall y 
ad mitted^ and is carried out here 
partly to obviate the inconvenience 
of erecting the class into a separate 
phylum. On the whole, however, 
there seems to be sufficient evidence 



Fj'5 9.—-Cephllodiwoi. Diagram of longi¬ 
tudinal section. a. anus; be 1 . cmJome of pro¬ 
boscis ; be*, cculo: ie of collar; be*, coelome of 
trunk ; ittl. intesti ie; m. mouth ; nch. supposed 
notochord; n. s. erve-strantl; op. operculum; 
<e.v. oesophagus; < >. ovary; ovd. oviduct; ph. 
pharynx; p. p. jroboscis-poro; ps. proboscis; 
si. stomach; sib. stalk. (After Harmer.) 


for the view that, if not the existing representatives of ancestral Chordates, 
they are at least a greatly modified branch, taking its origin from the base of 
the chordate tree. The prpean™ nf iu procumaH rurlimentarv representat ive 
of a notochord and of the gill-slits seems to point in t his direct ion. It should, 
however, UTbiaiuil that, Tjy M some of tnos& Zhblogists by whom the members 
of this group have been most closely studied, their chordate affinities are 
altogether denied. If the Hemichorda are primitive Chordates, the fact is of 
special interest that they show remarkable resemblances in some points to a 
phylum—that of the Echinodermata—which it has been the custom to place 
very low down in the invertebrate series. The tornaria larva of Balanoglossus 
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exhibits a striking likeness to an echinopadium (Vol. I., p. 422), and, though 
this likeness between the larva: does not establish near connection, it suggests, 
at least, that an alliance exists. Between actinotrocha and toinana there 
are some striking points of resemblance; and a pair of gastric diverticula in 
the former have sometimes been compared with the single notochord or 
oesophageal diverticulum of the Hcmichorda. 



tio 10- RhaMoplenrg. 1 , I ntue /ooid a mouth b anus r, stalk of zonid d pm 
Im)scjs, e, intestine, / .intoimi ltpinn of tiunk g one of Ihe teutarIns (Aftir Kay 1 ankcslcr) 
li J)iagram of thr or^uusatnm median longitudinal section, seen fiom the left a aim, an 
anal prominence, 10I collar col ne collarneno, t s cardiac bac i nt mtestme, m mouth, 
n tc notochord", a ahnphdgus fir piobosus, pi t, proboscis caloino, i ct rectum, s/ 
stomach, te tentacles, U t tiunk colonic \ n ventral n<r\e (Aftci Schepotieft) 

SUB-PHYLUM II AND CLASS.—UROCHORDA. 

The Class Urochorda oi lunicata comprises the Asudians or Sea-Squirts, 
which are famihai objects on every rocky sea-margin, together with a number 
of allied foims, the Salpse and others, all maiine and fot the most pait pelagic. 
The Urochorda aie specially interesting because of the remarkable series of 
changes which they undergo in the course of their hfe-historv Some present 
us with as marked an alternation ot gcneiations as exists among so many 
lower foims, and m most thcic is a retrogressive metamorphosis almost, if not 
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quite, as staking as that which has been described among the parasitic Copg- 
pod a or the _Cirripedia. In by far the greater number of cases it would be 
quiteuhpossible by the study of the adult animal alone to guess at its relation¬ 
ship with the Chordata; its affinities with that phylum arc only detected when 
the life-history is followed out, th e notochord nn.4 othrr^higher structures 
becoming lost in the later stages of_the metamorphosis. Multiplication.by 
liudflihg. so common in the lower groups of In vertebral a, but exceptional or 
absent in the higher, is of very general occurrence in the Uiocliorda. 

1. Example or the Class—The Ascidian ok Sea-Squint. 

(Ascidia.) 

Sea-squirts aic familiar objects on iockv sea-shores, 
where they occur, often in large associations, adhering firmly 
to the surtai e of the rock. When touched the Asudi.in ejects 
with considerable force two fine jets of sea-water, which arc 
found to piocced fiom two apertures on its upper end. The 
shape of the Ascidian, however, can only be profitably studied 
in tlie case of specimens that are completely immeised in the 
sea-water, specuuens not so immersed always undergoing 
contraction. In an uncontracted specimen (Fig. 11), tlie 
general shape is that of a short cylinder with a broad base by 
which it is fixed to the lock. The free end presentsji large 
rounded apetture, and some little distance liom it on one 
snleTs a second of similar character; the foimer aperture is 
termed the omh tjje latter^the alnal. A strong cuirrnt ol sotniiwn Hu- nghi 
water will be noticed, by watching the movements of floating ^an.) ^ Aflir IIe, ‘* 
particles, to be flowing steadily in at the former and out ol 
tlie latter. When the animal is removed fiom the water both apertures 
become narrowed, so as to be almost completely dosed, by the contraction of 
sphincters ot muscular fibres which suiiound them. At tlie same time the 
w«dls of the body contiact, streams of water aie lorced through the aper¬ 
tures, and the bulk is considerably reduced. 

Body-wall and Atrial Cavity. The outer layei ol the body-wall is composed 
ot a tough tianslncent substance forming a thick M o r Unite (Fig. 12, test). 
This proves when analysed to consist largely of a substsince called fume me, 
which is related to, though not identical with, cellulose, a characteristic plant 
product itself not found in the animal kingdom, exiept in the ‘plant-like’ 
forms of Protozoa. T he test of an Ascidian is frequently lcfcucd to as a cuticle, 
and jit js a£pj.icle in the syisf that it .lies outside the ectodei.iu.aud is derived 
from th at l ayer in the fiist instance. Tlie cells, however, by the action of 
whidTlts substance is added to in later stages, seem to be chiefly denved, not 
from the ectoderm, but from the underlying mesoderm, from which they migiate 
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through the ectoderm to the outer surface. These formative cells of the test 
are to be found scatteied through its substance Running t hrough j t are also 
a number of bra nt hing tubes lined with cells^each terminal branchjraSIng 
in a little bulb-like dilatation. The intciioi of each tube is divided into two 



Xu* l>ibwctiou oi Aittdia from the right 
side 1 ho greater part of thi test and m wtk has 
been nmen ul from that suit so is to bring into \iew 
the illation of these layers and of the intern il c i vitits 
and the lourst of the ibmmtaiy rand ilc ait 
anus air up atnal iptrhnr tntl uulostylr can 
gomd gonad gonodml k\p neural gland hyp 
d duct of mural ghnd want mantle vt gn 
nine ganglion an ap aperture of (esophagus ot 
ap oral aperture ph pharynx stow stomich 
tent tentacles test test (After Heulm in ) 


channels by a longitudinal sep¬ 
tum, which, however, does not 
completely divide the terminal 
bulb 1 hrough these tubes (which 
are of the nature of looped blood¬ 
vessels) blood emulates, passing 
along one channel, through the 
terminal bulb, and back through 
the othei channel 

When the test is divided (Fig 
ia), the soft wall of the body or 
inantie (mant), as it is termed, 
comes into view , and the body 
is found to be freely suspended 
within the test, attached hrmly 
to the latter only tound the oral 
and ati lal apt i hires Ihejnan tie 
(bocly-wall) consists Qf the ecto¬ 
derm with underlying layers of 
t onncctive-tissiK enclosing mui- 
cuLirJibies Itfollowsthegenend 
shape of the test and at the two 
apertuies is produced into shoit 
and wide tubular prolongation^, 
which aie known respectively ns 
the oral and atual siphon*, (Fig 
14, or, siph , aU siph ) iiiese 
aie (ontmuous at then margins 
with the margins of th e apei hires 
of the test,~aud imind theopemngs 
aie tTTe”strong_ sphincter muscles 
by wTuili closute is effected. In 


the lest of the mantle the muscular fibres die arranged in an 11 tegular net¬ 


work, crossing one .mother m all directions, but for the most part either 
longitudinal or transverse Within the body-wall is a cavit y, the at r ial or 
Peribr onchial cavityJatr cat ), communicating with the exterior through'the 
atnal aperture a this is not ajoeioTne,” being formed to a great extent hy 
involution from the outer surface.. 
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FharjfcX.— The oral aperture leadsby a short and wide Oral passage Islorno - 

^Fig - yis, ^*.). TMsIs a highly characteristic organ of. the Urochorda. Its 
walls/ which are thin and delicate, are pierced by a nv^l^er of rift-like aper¬ 
tures, the stigmata (Fig. 14, stigm.), arranged in transverse rows; Through 
these the cavity'of thie pharynx communicate s with the atrial ot penbranchial 
cavity, 1 which completely surrounds it excep t "alon g; One side, the edges Of 
the stigma ta are beset wi th num erous strong cilia , the action of which is to 
drive current s of Wate r from the j piarynx Into the atriaT cavity;. It is to the 
movements of these cilia lining the stigmata ^ 

that are due the currents of water already 
mentioned as flowing into the oral and out 
of the atrial aperture, the ciliary action 
drawing a current in through the oral aper¬ 
ture, driving it through the stigmata into 
the atrial cavity, whence it reaches the 
exterior through the_atdaL.ap.e r t ure . The 
stigmata (Fig. 13) are all vertical in posi¬ 
tion ; those of the same row are placed close 
together, separated o nly by narrow ver tical 
bars; neigh bouring rows are sep arat ed b y 
somewhat thicker^horizontal bars.; in a il 
ofthese b ars run b lood-ves sels. Extending 
across the atrial cavity from the body-wall to the wall of the pharynx are a 
number of bands of vascular mesodermal tissue, the connective s. 

It has been already mentioned that the atrial cavity does not completely 
surround the pharynx ( on one side. This is owing to the fact that on the side 
in question, which is ventral in position, the wall of the pharynx is united with 
the mantle along the middle line (Fig. 15). Along the line of adhesion tfe 
inner surface of the pharynx presents a thickening in the for m of a pair of 
longitudinal fold s separated by a groove.’ tojthis structure, consisting oftKe 
two~V6BTfariongitudinal fold s with the groove be lwren jhemT^^ 

(ewdT.) is appliec f. The cells covering the endostyle are large^eirs of two kinds^- 
cttfaUd c eUs and gl and-cells—the former beset at their free ends with cilia, the 
action of which is to” drive floating particles that come within their influence 
outwards towards the oral aperture, the latter secreting and discharging a 
viscid mucous matter. Anteriorly the endostyle is continuous with a ciliated 
ridge which runs circularly round the anterior end of the pharynx. In front 
of this circular ridge, and running parallel with it, separated from it only by a 

1 A distinction is sometimes made between the lateral parts of this space [penbranchial cavities, 
right and left) and the median unpaired (dorsal) part [atrial cavity , or cloaca), in which the twfi 
penbranchial cavities coalesce, anu which leads to the exterior through the atrial aperture, 


Fig. 13. — Asddia, a single mesh of 
the branchial sac, seen from the inside, 
i. /. internal longitudinal bar; l. v. longi¬ 
tudinal vessel; p. p'. papillae projecting 
inwards from the branchial bar; sg. 
stigma; tr . transverse vessel. (After 
Hcrdman.) 
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narrow groove, is another ndge of similar character: these are termed the 
penpharvitf eal udfes : the groove between them is the peripharyngeal groove. 
Dorsally, i.e. opposite the endostyle, the posterior peripharyngeal ridge passes 
into a median, much more prominent, longitudinal ndge, the dorsal lamtna 
(dors, lam ), which runs along the middle of the dorsal surface of the pharynx 

to the opening of the oeso¬ 
phagus. In the living animal 
the lamina is capable of being 
bent to Oi l, side in such a way 
as to form a deep groove. 
The mucus secreted by the 
gland-cells of the endostyle 
fonns viscid Ihreads which 
entangle food-particles (mi¬ 
croscopic organisms of various 
kinds); the cilia of its ciliated 
cells dnve these laterally 
across the baskel-woik to the 
doisal lamina, and the cilia 
on the cells of the latter 
dnve them backwaids to the 
opening of the oesophagus. 

Some little distance in 
ftont of the antenoi pen- 
phaiyngeal ndge, at the 
innei or posterior end of the 
oral siphon, is a circlet of 
delicate ientaile s (hig T 2 , 
fent) 

Enteric Canal, l'he oeso¬ 
phagus (Figs 12-14, rrs.) 
leads fiom the pharynx (near 
the posterior end of the dorsal 
lamina) to the stomach (ilo/n ), 
which, together with the in¬ 
testine, lies embedded in the 
mantle on the left-hand side. 


drear 



atom 


raid mac 


Iig 14—Afladia, did prim of longitudinal section 
from tlic left suit the test and mantle lemoved an 
anus, alt tai «itntl cavity , air \%ph atrial siphon, bt 
tat btanilno caixliic vessel taid ttsc . caid 10 visceral 
vessel dot s 1 dorsal veswl gonod gonoduct, M 
heart, hvf> neural gland mant mantle, ne gn nerve- 
ganglion, or* crbophdgns 01 siph 01 al siphon, 01 
ovaiv nctum, stiqw stigmata, stom stomach, 
tent, tentacles, test, tebt, tr 1 transverse vessel uni 
v vential vessel, «isr. hr vim ero brant hi il vessel 
(Horn Herdman after Pettier) 


I he stomach is a Luge fusiform sac with tolerably thick walls. The intes¬ 
tine is bent round into a double loop and runs forwards to tci initiate in an 
anal aperture (an) situated in the atrial cavity. Along its inner wall is a 
thickening—the typhlosole. There is no liver, but the walls of the stomach are 
glandular, and a system of delicate tubules, which ramify over the wall of the 
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intestine and arc connected with a dud opening into the stomach, is supposed 
to be of the nature of a digestive gland. 

Ibe Ascidion has a well-developed blood-system. The heart (Fig. 14, hi) 
is a simple muscular sac, situated near the stomach in the peiicardium—a 
cavity entirely cut oft from the surrounding spaces in which the blood is con¬ 
tained. Its mode of pulsation is very lemarkdble. The contractions are of 
a peristaltic character, and follow one another from one end of the heart to the 
other for a certain time; then 
follows a short pause, and when the 
t (infractions begin again they liave 
the opposite ducction. thus the 
direction of the current of blood 
through the lieatt is icversed at 
regular intervals There are no 
true vessels, the blood circulating 
through a system of channels or 
sinuses devoid of epithelial lining, 
and oi spaces or lacuna:, foiming a 
tuemocccle: in the description that 
follows, therefore, the word vessel 
is not used in its stiict sense. At 
each end ol the heart is given ofl a 
laige " vessel." That given of! 
ventially, the branchio-cardiac ves ul 
(1 br. car), no is along the middle of 
the venltal side of the pharynx 
below (externally to) the endo- 
style and gives oft a number ol 
branches which extend along the 
bars between the rows of stig¬ 
mata, and give off smaller branches passing between the stigmata of each 
row. Hie vessel given oft from the doisal end of the hcait—the curdto-vmeial 
(card, vise.) —breaks up into branches which ramify over the surface of the 
alimentary canal and other organs. This system of visceral vessels or lacunae 
opens into a large sinus, the imceto branchial vessel, which runs along the middle 
ol the dorsal wall of the pharynx externally to the doisal lamina, and com¬ 
municates with the dorsal ends of the sciies of transverse branchial vessels. 
In addition to these principal vessels there arc numerous lacunae extending 
everywhere throughout the body, and a number of branches, given off both 
from the branchio-cardiac and cardio-visceral vessels, ramify, as already 
stated, in the substance of the test. The direction of the circulation through 
the main vessels differs according to the direction of the heart's contractions. 
vol. 11. c 


wito 



J'lb I 1 ) -Aiudia, ti.in\irM> section hi v 
blood-vessels dots lam dor»al lamina, ept . 
opidenni 1 * md cndostvle pn ganglion kvf> 
neural jL,land mus must nidi layti of wall of body , 
prnbt pmbianthul cavilv , ph pharvnx, U*t 
test 1 as h van nidi tiabecula* (After Julm ) 
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When the heart contracts in a dorso-ventral direction, the blood flows through 
the branchio-cardiac trunk to the ventral wall of the pharynx, and through 
the transverse vessels, after undergoing oxygenation in the finer branches 
between the stigmata, reaches the viscero-branchial vessel, by which it is 
carried to the system of visceral lacunse, and from these back to the heart by 
the cardio-visceral vessel. When the contractions take the opposite direction, 
the course of this main current of the blood is reversed. 



Fig in -Aflddift. Dorsal 
lubrrrle. nrr\ c-ganglion, and 
associated parts as seen from 
tolow dd. duct of neural 
gland, dm t lam dorsal 
lamina, $ld neural gland, 
qn ganglion. hyp dorsal 
tubercle, m , tn nuves, 
ptnph peripharyngeal hand 
(Mter Julm) 


The nervous system is of an extremely simple 
character. There is a single nerve-ganglion (Figs 
12 and 14, tie. gn., 16, gn., and 17, n. g.) which lies 
between the oral and atrial apertures, embedded 
in the mantle. Ibis is elongated in the dorso-vcntral 
direction, and gives off at each end nerves which pass 
to the various parts oi the body. 

Lying on the ventral side of the nerve-ganglion is 
a body—the neural gland (Figs. 12, 14, hvp ; Fig. 16, 
gld, and Fig. 17, n. gl .)—which has sometimes been 
correlated with the hypophysis of the Ciamnta A 
duct (Fig. 16, dot., and Fig. 17, gl. d) runs foiward 
from it and opens into the cavity of the pharynx. 
the lermmation of the duct is dilated to form the 
cihated funnel, and this is folded on itselt to form a 
prominence, the dot sal tubercle, which piojerts inlo 
the cavity of the pharynx. The dorsal tubciilc may 
be a sensory organ: the neural gland may have to do 
with excretion. 

The excretory system seems to be mainly repre¬ 
sented by a single mass ot clear vesicles, without a 
duct, lying in the second loop of the intestine. In 
the interior of these are found concretions containing 
uric acid. 


Reproductive System. —The sexes are united. The ovaiy and the testis 
are situated close together on the left-hand side of the body in the intestinal 
loop. Continuous with the gonad is a duct—oviduct or sperm-duct, as the 
case may be -which opens into the atrial cavity close to the anus 
fhc development of the Asridian is described below (p. 30). 


2. Distinctive Characters and Classification. 

The Urothorda are Chordata in which the notochord is confined to the tail 
region, and, in all but the Larvacea, is found only in the larva. The adults, 
which for the most part are retrogressivcly metamorphosed in other respects 



PHYLUM CHORDATA 


besides the abortion of the notochord, are sometimes sessile, sometimes free 
and pelagic; they frequently form colonies (fixed or free) by a process of bud¬ 
ding, and in some instances exhibit a well-marked alternation of generations. 
The body is enclosed in a test consisting largely of cellulose. The proximal 
part of the enteric canal (pharynx) is enlarged to form a spacious sac with 
perforated walls, acting as an organ of respiration. There is a simple heart 
with a system ot sinuses, all devoid of epithelial lining. The coelome is not 



da 


1 Ki 17 Antcnu d 01 sal pjit of Afltidia. slioum# the lolatums of the layers of the body and 

id tlie iieMOus b> stem I, in sagittal section; IS, in tinns\PT-.e section a. N s. dorsal blood- 
sinus, d l dorsal lamina d n dorsd ncive, d 1 dorsal tutimle, *ct ectoderm, rn endo- 
deini, 6. p lu epithelium ot ponbiani liud cu\it> , t*t d duct ot ntuul gland , l r points to the 
ciliated epithelium cm mug a longitudinal \Cbscl of brant hul s.ic (pharynx), w mantle, n 
nerve, n q ganglion, n gl nemal gland , p h peubrancln.il cavity, pp b ]>enphaigyngeal 
bands s ph oial splumtoi, t , t\ It st, In tentule (Altci Jlcrdnuti) 

recognisable 1 lie sexes are united, lhc larva is always free-swimming, and 
is neatly always piovided with a caudal apjiendage. 

Huee ordeis ol Uiochorda aic recognised: - 


Okdlk i.—Larval ka. 

Fiee-swimnnng pelagic Tunic ala with a caudal appendage supported by a 
skeletal axis or notodioid '1 lit* test is represented by a relatively large 
tempoimv envelope, the " house,” iomied with gnat rapidity as a secietion 
from the surface ol the ectoderm and frequently thrown off and renewed. 
The phaiynx has only two stigmata, and these lead directly to the exteiior 
There is no atrial or peribranc liial cavity. Hie principal nerve-ganglion gives 
off a nerve-cord with ganglionic enlargements tunning to the tail, along the 
dorsal aspect oi which it passes to the extremity. Theic is no reproduction 
by budding, and development takes place without metamoiphosis. 

'lhid order contains only a single iamily, the Appendiculariida, with about 
nine genera, including Appendiculavia and Oikopieura. 
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Order 2.—Thaliacea. 

Free-swimming Tunicata, sometimes simple, sometimes colonial, never 
provided with a caudal appendage in the adult condition. The test is a per¬ 
manent struct uie. The muscular fibres of the body-wall are arranged in 
complete or interrupted ring-like bands, or diffusely. The pharynx has either 
two large or many small stigmata leading into an atrial cavity which com¬ 
municates with the exterior by the atrial aperture. There is usually an 
alternation of generations; there may or may not be a tailed larval stage. 

Sub-Order a. — Cyelomyaria. 

Thaliacea with a cask-shaped body, having the oral and atrial apertures at 
opposite ends, and surrounded by a series of complete rings of muscular fibres. 
There is a tailed larval stage. 

This sub-order contains only one family, the Doliolidee, with the three 
genera, Doliolxm, Anchmia, and Dolchinia. 

Sub-Order b. — Hemimyaria. 

Thaliacea with a more or less fusiform body, with sub-terminal oral and 
atrial apertuies. The muscular fibres arc arranged in bands which do not 
form complete rings. There is no tailed larval stage. 

This sub-order is probably best looked upon as comprising only one family, 
the Salpidee. 


Order 3.—Ascidiacea. 

Mostly fixed 1 umcata, either simple or forming colonies by a process ot 
budding, and, in the adult condition, never provided with a tail. The test is 
a permanent structure, usually of considerable thickness. The muscular 
fibres of the mantle (body-wall) are not arranged in annular bands. The 
pharynx is liirgc, and its walls are perforated by numerous stigmata leading 
into a surrounding atrium or pcribranchial cavity, which communicates with 
the exterior by an atrial aperture. Most undergo a metamorphosis, the larva 
being provided with a caudal appendage, supported by a notochord similar to 
that of the Laivacea. 


Sub-Order a.—Ascidiee simplices . 1 

Ascidians in which, when colonies are formed, the zooids are not embedded 
in a common gelatinous mass, but possess distinct tests of their own. They 
are nearly always permanently fixed and never free-swimming. 

Including all the. larger Ascidians or Sea-Squirts. 

1 This clasaifu alion into “ simple'* end " compound 11 Ascidians is one of convenience. The 
more modem classification is very complicated. 
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SulhOrdcr h.—Ascidia composite. 

Fixed Ascidians which form colonies ol zooids, embedded in a common 
gelatinous material without separate tests 

This order includes Uotryllus, Amarachm, Diazona, and a number of other 
genera. 

Order 4.—Lucida. 

Pelagic Tunicata which reproduce by budding, so as to give rise to hollow 
cylindrical colonies, open at one or both ends, having the zooids embedded in 
the gelatinous wall in such a manner that the oral ajiertures open on the outer, 
the atrial on the inner surface of the cylinder. There is no tailed larval stage. 

This order comprises only one family, the Pyrosomida, with One genus, 
Pyiosoma. 

Systematic Position of the Example. 

The genus Ascidia, of which there are very many species, is a member of 
the family Ascidiida of the Ascidia simpliccs. The Ascidiidae differ from the 
other families of simple Ascidia ns l>y the union of the following characters: 
The body is usually sessile, rarely elevated on a peduncle. The oral aperture 
is usually 8-lobcd and the atrial 6-lobed. TK'tcst is always of gelatinous or 
cartilaginous consistency. The wall of the pharynx is not folded; the tentacles 
are simple and filiform. The gonads are placed close to the intestine. 

The genus Ascidia is characterised by having the oral and atrial apertures 
not close together, by the dorsal lamina being a continuous undivided fold, 
and by the ganglion and neural g*and being situated at a little distance from 
the doisal tubercle. 


3. General Organisation. 

General Features. —The Larvacea uie minute transparent animals, in shape 
not unlike tadpoles, with a rounded body and a long tail-like appendage 
attached to the ventral side. At the extremity of the body most remote from 
the tail is the aperture of the mou I h. This leads int 0 a tolcra lily wide pharynx 
(Fig. ig, ph.), in the ventral wall of which (except in Kowalevski a) is an endo- 
stylc similar to that of the simple Ascidian, but comparatively short. Round 
the pharynx there run obliquely two bands covered with strong cilia—the 
peripharyngeal hands , which join a median dorsal ciliated band. On the ventral 
side of the pharynx there are two ciliated openings—the stigmata ( stig .), which 
communicate with the exterior by short passages--the atrial canals, situated 
on either side beliind the anus. The axis of the tail is occupied by a cylindrical 
rod—the notochord or urochord ( noto .). 

A remarkable peculiarity of the Larvacea is the power which they possess 
-of secreting from the surface, by the agency of certain specially modified 
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epidermal cells, a transparent envelope which is frequently discarded and 
quickly renewed The chief object ol this structure seems to be the capture 
of the very minute plankton-organisms on which the Larvacea feed. In 
Oikoplcura (Fig. 18) the “ house “ is a comparatively large structure within 
which the animal is enclosed : undulatory movements of the tail cause a current 
oi water to flow in through a pair of incurrent apertures and out through a single 
excurrent aperture; tlie former are closed by lattice-work of fine threads. 


preventing the passage of any but the 
smallest organisms. In the interior 
is an elaborate apparatus for filtering 
out the minute organisms from the 
water as it passes through. In Appen- 
diculana and Kowalevskia the house 
also encloses the animal: in Fritillaria 
it does not do so. 



1*ig iS - Oikoplenra in "house" The 
arrows show the i oursc of the current. (TYum 
Herdman aftci 1 ol ) 



rut'pn 


hio m — Diagram of Appendieularia hom 
Die light side an onus ht lioart; int mtes 
tine, fie neivc m caudal portion of nerve, 
air gn' principal ncivc-ganglion; ve qn ", nr 
gn first two ganglia of neive of tail unto 
notochord, as oesophagus, m ap oral apci- 
turc. oto otocjbt (statocyst) , pin bd pen 
pharyngeal hand, ph pharynx; lev testis 
\tig one of the stigmata; slom stomach (Mler 
Herdman ) 


Among tlie simple Ascidians tliere is a considerable degiee oi uniformity 
of structure, and little need be added here to the account given ot the example 
The shape varies a good deal: it is sometimes cylindrical, sometimes globular, 
sometimes compressed; usually sessile and attached bv a broad base, often 
with root-like processes, but in other cases (c g Doltema) elevated on a longer 
or shorter stalk. Most are solitary; but some (the so-called social Ascidians) 
multiply by budding, stolons being given ofl on which new zooids .«e developed, 
so that associations or colonies aie formed; but the connection between the 
zooids is not close, and their tests remain distinct and separate. 'Ihe test 
varies considerably in consistency, being sometimes almost gelatinous, trans¬ 
parent or translucent, sometimes tough and leathery, occasionally hardened 
by encrusting sand-grains or fragments of shells, or by spicules of carbonate of 
lime. Calcareous spicules may be developed in tlie substance of the mantle. 
Tlie apertures always have the same ]>osition and relations, varying only in 
their relative prominence. The pharynx varies in its size as compared with the 
rest of the internal organs, in the position which it occupies with regaid to the 


*4l lAliiP tUJfltl 



PHYLUM CHORDATA 


23 


various parts of the alimentary canal, and in the number and arrangement of 
the stigmata. The tentacles are sometimes simple, sometimes compound; 
and the dorsal lamina may or may 
not be divided up into a system of 
lobes or languets (Fig 21, lang.). 

In the composite Ascidians the 
/ooids are embedded in a common 
gelatinous mass lormed of their 
united tests. The gelatinous r* 

colony thus formed is sometimes 
flat and encrusting, sometimes rnti 

branched 01 lobed, sometimes 

elevated on a longer 01 shortei 
stalk. In i ertain forms the gelatin¬ 
ous substance is hardened by the 
inclusion in it of numerous sand- stom 
giams. The anangement of the 
/ooid presents gic.it diiierenres. 

Sometimes they occur irregulailj, 

ttf 
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1 ic> 21 - Diagram of a zookJ of d colony 
of Composite Ascidiani, in whir h the /ooids 
die m pans as seen in a vertical section ot 
the culoiiv tut dims at atiium. at 
atrium of adjoining /ooid tl cloaca rum 
moil to the two zouids e'd endostyle gld 
digest i\e gltind pn iuivi ganglion ht 
heart h\p ntuial gland lang langucts, 
inant mantle, or ap oral .lpcituie, oi 
ovarv fenph penpliaxyngeal band, ph 
phor\M\ j ut rectum; stom. stomach ; U 
testis tent tentacles ht. test, or common 
gelatinous mass, i d \ as deferens (After 
Jlerrtinan) 

dotted o^i the entire surface without exhibiting any definite arrangement, 
sometimes they are arranged in lows or regulai groups; in Botryllus (Fig. 20) 



l<io 20 Botryllus viola- 
C6Ufl. or oral apeitures cl 
opening of common iloaial 
chamber (Alter Miliu Id 
wards) 
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they form star-shaped, radiating sets axpuhd a common cloacal chamber into 
which the atrial apertures of the zooids lead, whilethe oral ap&tates are 
towards their outer ends. In essential structure the zooids of such colonies 
(Fig. 21) resemble the simple Ascidians. 



Fig. 22. — DoMuhl Diagram of the sexual form. atr. ap. atrial aperture surrounded by 
Jobes; atr. cav. atrial cavity; d. tbc. dorsal tubercle; end . endostyle; ht. heart; int. intestine; 
mus. bds. muscular bands; ne. gn. nerve-ganglion; or. ap . oral aperture; ov. ovary; peri, bd. 
peripharyngeal band; ph. pharynx; stig . stigma; stotn. stomach; test. testis. (After Herdman.) 


In the free-swimming pelagic Doliolum (Fig. 22) the shape is widely 
different from that of the ordinary fixed forms. The body is cask-shaped, 
surrounded as by hoops, by a series of annular bands of muscular fibres (mus. 
bds.). The oral and atrial apertures (or. ap., atr. ap.), instead of being situated 



Fig. 23.' — Sfllpa democratic*, asexual form, ventral view. atr. ap. atrial aperture; branch. 
dorsal lamina; end. endostyle; hi. heart; mus. bds . muscular bands; ne. gn. nerve-ganglion ; 
or. ap. oral aperture; proc. processes at the posterior end; org. sensory organ (ciliated funnel 

and languet); stol. stolon. (After Vogt and Jung.) 

near together at the same end of the body, are placed at opposite extremities, 
and the relations of the various organs have undergone a corresponding modi¬ 
fication. The test is thin and transparent. Surrounding each opening is a 
series of lobes—the oral and atrial lobes —in which there are sense-organs; and 
the first and last of the muscular hoops serve as sphincters for the two orifices. 
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The oral aperture leads into a wide pharyngeal sac (/>/») occupying at least the 
anterior half of the body; the posterior wall oi the pharynx alone is usually 
perforated by stigmata ( stig .). An undostyle (end.) is present, and a peri¬ 
pharyngeal band; but there is no dorsal lamina. Doliolum moves through 
the water by the contractions of the muscular bands, which have the effect 
of driving the water backwards out of the branchial sac. 

Salpa (Figs,. 23-24) is nearly allied to Doliolum in its external features 
and internal structure. It hus a fusiform body, usually somewhat coin- 
pressed laterally, and with the or.d and atrial apci lures terminal; but the 
muscular bands do not form complete hoops. The pharyngeal and atrial 



Fir, 24 Salpa. lateral new of a sution— whith is <Higitt<i1 (longitudinal, vnlu.il, and 
median) in the nial two thuds, and obliqur in thr a Inal third at atn il cavity, br. bramlua, 
i c t dinted t rt sis on the tdgt i 1 the bramlua r f ciliated funnel, d / dm sal lip, end endostvlc, 
n 1 P}e p qf digestive gland pin ganglion, hf heart mt intistine, hiq langmt, mo mouth, 
cr oesophagus, er af (esophageal apuluie, ph phdT)m pp periphar\iigcal band, st (light) 
stolon, it (left) stomach i l ventral lip (Muri'clige and H6n>uatd ) 

cavities take up Ihc grcatci part of the space in the mtenor of the body, where 
they form an ;dino<>t continuous cavity, being separated from one another only 
by an obliquely running vascular band, which represents the dorsal lamina 
ot the fixed Asridians and is frequently termed the brauchia . 

Octanmnus, sometimes regarded as allied to Salpa appeals to be hxed, is 
colonial in one species, and has the oral and atrial apertuics towards one end 
of the body, which is somewhat discoid, with its margin produced into eight 
tapermg processes. It has no eye. In all probability Ortacnemus is more 
nearly related to the social Ascidians (p. 2j) than to Salpa. 

Pyrosoma (Fig. 25) is a colonial Tunicate, the colony assuming the iorn> 
of a cylinder, the internal cavity of which, closed at one end, open at the 
other, serves as the common cloaca for all the zooids. The or al apertures 
(Fig. 26, or. ap.) of the zooids are situated on the outer surface of Die cylinder 
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on a &enes of papilhe Ihe colonies of Pyiosoma, which may be from two or 
three inches to four feet in length, are pelagic,and are brilliantly phosphorescent. 

ihe enteric canal in Appendiculam (Fig 19) consists, in addition to the 
phaiynx, of a narrow oesophagus, a bilobed stomach, and a straight intestine 
(nyf) which opens directly by an oral aperture (ati ) situated on the ventral 
side The alimentary canal of the simple Ascidians has already been described, 
and there are few differences of consequence in the various families, except 
that in some cases there is a well-developed digestive gland or " liver ", in 
the composite forms the arrangement of the paits is the same in all essential 
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itsptcis as m Uk simple In the Salpa. and in Doholum and Octacncmus the 
alimentary caml foims a lelatnely small daik mass the so-called nucleus 
towards the posttum end ot the body it consists of oesophagus, stomach, 
and inlcstinc, tlic anil aperture being situated in the pciibraiichial 01 atnal 
part of the internal c avilj, 

Ihe heart in all lias the simple stiuctuie alicady descubed in the simple 
Asc nlian In one of the gc neia oi 1 arvarea [Ktmalevslia) it is absent 

llic nervous system in AppendicuJana consists of a cnebtal ganglion (big. 
19* ne E 1 *') on the doisal side of the mouth, of a dorsal nerve which passes 
horn this to a caudal ganglion (nc gn' f ) at tlic loot of the tad, and of a caudal 
nerve (//*') which extends fiom this to the extremity of the tail, piesentmg at 
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intervals slight enlargements irojn winch neives are given oii. An oloeyst or 
statocyst (0/0.) is placed in dose relation to the cerebral ganglion, and close to 
it also is a ci hated funnel; but there is no ncutal gland opening into the pharynx. 
In one species of Oikoplcura a simple light-]>creaving organ, without pigment, 
is incorporated with the statocyst. In the simple Ascidians, as we have seen, 
there is a single flattened ganglion, representing the cerebral ganglion of 
Appundicularia, situated between the oral and atrial apertures; and the same 
holds good of the composite forms. Many of the simple Ascidians have |rig- 
ment-spots, probably ot a sensory character, around the oral and atrial aper¬ 
tures. The dorsal tubercle is always present, but varies m shape in accordance 
with variations in the form of the ciliated funnel, whidi opens on it usually in 
conjunction with the duct of the neural gland, of which it lonns the terminal 
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lu 27 — Salpa. UidgrainmAtiL lainal view of Hit* ganglion and neighbouring paits at 
wall of atrial cavity; b\ hianclua , h up apt 1 line ot bunt hi 1 ; 1 « 1L1 ited uesls of luamhui , 

J ciliated iunml t\ e\e, 11 t*l gland (|j.«liihJ) that jiu> iepii sc nt neuralgland ; ph wall nl 
phanm (Utci holage ami llciouaid) 

pail. The opening iibij be ilivicled into seveial smaller apertures by fusion 
ot its lips: r.uely the dud gives ott bi.inches with independent ownings. 
Ibc tubercle with the ciliated tunnel is supplied with nerve-fibres troin the 
ganglion, and is probably a sensory organ of sonic kind. The neural gland is 
usually below the ganglion, but may be situated above it or on one side. Some¬ 
times it coalesces with it. 

In Salpa and Doliolnm then 1 is also a single ganglion (Figs. 22, 2j, 24, 
and 27) situated dorsally, giving oh nerves to the various parts of the body. 
Salpa has a single tentacle, the so-called Linguet (Fig. 24, Ing.), absent in 
Doliolutn. In the asexual (solitary) form of Salpa there is a median horse- 
shoc-shapod eye (Figs 24, 27), and sometimes smaller accessory eye.-. In 
Doliolum an eye is not developed, but there is a pair of otocysts or statocysts. 
A neural gland and duct with ciliated funnel arc present in Doliolum; but in 
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Salpa, though there are a pair of glands which occupy a position similar to 
that occupied by the neural gland (Fig. 27, n. gl.), their correspondence with 
the latter is not established, and their duels have no connection with the 
ciliated funnel. 

In the simple Ascidian we have seen that the renal organ consists of a number 
of large clear vesicles situated in the loop of the intestine and devoid of duct. 
In some forms the terminal portion of the sperm-duct has glandular walls in 
which concretions of uric acid have been lound. The neural gland is by some 
zoologists looked upon as having an excretory function, but there is no positive 
evidence in favour of this view, and no definite conclusion has yet been reached 
as to the function which it performs. 

Reproductive System. —The Urochorda are hermaphrodite. Ovary and 
testis are in all cases simple organs placed in close relation with one another. 
In Appendicularia (Fig. 79) they are situated in the aboral region of the 
body. In the simple Ascidians they may be either single or double, and their 
ducts, sometimes very short, sometimes more elongated, open dose together 
into the atrial cavity. In Pyrosoma there arc no gonoducts, the ovary -which 
contains only a single ovum—and the testis lrciug lodged in a diverticulum ot 
the peribranchial cavity. In Salpa also the ovary contains usually only a 
single ovum : ovary and testis lie in close relation to the alimentary canal in 
the " nudeus,” and their short ducts open into the peribranchial cavity. In 
Dnliolum the elongated testis and oval ovary have a similar position to that 
which they occupy in Salpa, but the ovary consists of a number of ova. 

Development and Metamorphosis. —In the Asridiacea impregnation usually 
takes place after the ova have passed out from the atrial cavity. But in a 
few simple, and most, if not all, compound forms impregnation takes place 
in the atrium or in a special outgrowth of the latter serving as a brood-sac, 
and the ovum remains there until the tailed larval stage is attained. In certain 
composite forms there is a coalescence of the investing layers of the ovum with 
the wall of the atrium, forming a structure analogous to’the placenta of Mam¬ 
mals and designated by that term. Self-impregnation is usually rendered 
impossible by ova and sperms becoming mature at different times; but some¬ 
times both ripen simultaneously, and self-impregnation is then possible. 

A somewhat complicated series of membranes invests the ovum. The 
immature ovarian ovum is enclosed in a layer of flat cells—the primitive 
fdlicle-ceUs— derived from indifferent cells of the ovary. On the surface of 
this is developed a structureless basal membrane. The folliclc-cells increase 
by division and soon form a sphere of cubical cells. Certain of t£e cells migrate 
iuto the interior of the sphere so as to form a layer on the surface of the ovum. 
Others penetrate into the latter so as to lie in the superficial strata of the yolk. 
The layer of cells on the surface of the ovum are termed the tcsLccUs (Fig. 
28, e ): they afterwards develop on the outer surface a thin structureless 
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layer, the chorion (d), and internal to them is formed a gelatinous layer (a) 
through which the test-cells in a degenerated condition become scattered. 
Meantime, external to the follicle-cells, between them and the basal membrane, 
has appeared a layer of flattened epithelial cells ; this, with the basal mem¬ 
brane, is lost before the egg is discharged. In all the simple Ascidians, with 
the exception of the few in which development takes place internally, the 
protoplasm ot the follicle-cells (Fig. 28, c) is greatly vacuolated, so as to appeal 
frothy, and the cells become greatly enlarged, projecting like papilla: on the 
surface and buoying up the developing ovum. 

Segmentation is complete and appioximately equal, but in the eight-cell 
stage Tout ol the cells are smaller and four larger. the smaller, situated on the 
future dorsal sjde, are the beginning of t he 
endoderm; the four larger form the gi eater 
part, if not the whole, of the ectoderm. In ^ 
the following stages the ectoderm cells multiply 
more rapidly than the endoderm, so that they ct, 
soon become the smaller. I11 the sixteen- (jft 
celled stage the embryo (Fig. 29, A) has the 
foim of a flattened blastula ( plac-ihi) with 
ectoderm on one side and endoderm on the 
other, and with a small segmentation-cavity. 

The transition to the gastrula stage is in most 
Ascidians eileeted by a process intermediate 
in dialacter between embolic and cpibolic 
invagination ; in some the invagination is of a 
distinctly cpiboln character. In the former 
case the ectoderm cells continue to increase 
more rapidly Ilian the endoderm, the whole 
embryo becomes curved, with the concavity on the endodennal side, and the 
ectoderm extends over the endodeim, the two layers coming to lie in dose 
contact and the segmcntatron-cavity thus becomrng obliterated. 1 he concavity 
deepens until the embryo assumes the form of <i saucer-shaped gastrula with an 
archenteron and a blastopore which is at first a very wide aperture extending 
along the whole of the future dorsal side. The blastopore gradually becomes 
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constricted (Fig. 29, 11 )— the closure taking place from before backwards, 
and the opening eventually being reduced to a small pore at the posterior end 
of the dorsal surface. 

The embryo elongates in the direction of the future long axis. The dorsal 
surface becomes recognisable by being flatter, while the ventral remains con¬ 
vex. The ectodcun c^Us.bordering the blastopore are distinguished from the 
rest by their m ore cubical s hape; these cells, which form the earliest rudiment 
of the nervous system, become arranged, as the blastopore undergoes con- 
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traction, in the form of a plat vyshUaijL plait—on the dorsal surface. 

On the Surface of this plate appears a groove—the medullary groove —bounded 
by right and left medullary folds,, which pass into one another behind the 
blastopore. 

The medullary folds grow upwards and inwards over the medullary groove, 
and unite together (D), the union beginning behind and progressing forwards 
in such a way as to form a canal, the neurocoele, in the hinder portion of which 



] 10 -zq — l atl\ siigex m the development of GlavalliiUL. J flattened blaslula early 
gastiula (, jppioximatplv median optic'll sution of more advanced g.istrula in which the 
bhslopnic lias beconu greath ieduced and in which the first rudiment nl the noioclionl is dis 
ceimbie D, similar view i >1 a later larva in which the medullary < anal lias begun to bo clo ed in 
posteriorly bl. p Mastopoio ect ectoderm end endoderm, wed can medullary canal, nert 
cells drstmed to give nseto theneive cord neur nturopore, noto notochord, s eg cav segment* 
tion tavity (A and /? Jrom hone licit md lleidcr after Sceligci ( and I) alter Van Bcnedcn 
and ]ulin ) 

is the opening of the blastopore In this process of rlosmg-in ot the medullary 
groove the fold whirh passes round behind the blastopore takes an important 
part, growing forwards over the posterior portion of the canal. The blasto¬ 
pore, thus endosed in the mcdullaiy canal, persists for .1 time as a small opening 
—the ncurenteric canal— by which the neurocoele and enteric cavity are placed 
in communication. At the anterior end of the medullary canal, owing to its 
incomplete closure in this region, there remains for a time an opening—the 
neuropore (Fig. 30, neur ) —leading to the exterior. 
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A notochord (Figs 29 , C, D ) jo .iml 31, iwto) is formed froin < ei tain ot 
the cells of the wall of the archcntcron along themiddle line ot the gxdeT 
These are arranged to form an elongated lord ot cell's winch becomes coni* 
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ric 30— 1 ater stages in the development of Clavellina. A, aiipioum'tely median optical 
section of a Inna m uhirh the medullary Lanai (neurourle) has berorai mlosrd throughout 
s ommuTiu ating w 1H1 the cxtenor only hy the neuropou a t the -inti i lor c lid and with the arthcntei on 
by the neuienteric i dual IK larva with a distim 11 udnnc nt of the tail and well foime d rat sodci m 
layer and notochord Letters as in prodding figurr in addition, mtt mesodeim (Aftei Van 
Bcneden and Julin) 


pletely constricted off from the endoderm of the wall of the archcnlerun, and 
co mes to he between the latt er and the medullar y gro ove. Laterally teitain 
cells of the endoderm divide to give rise to a pair ot longitudinal strands of 
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cells-. the rutliiiiRiits nf mesodawo (Fig. 30, mes.). During this process 
of mesoderm-formation, there are no diverticula developed from the archenteron. 

The embryo (Fig. 30, B) now becomes pear-shaped, t fre narrow part bei ng 
th e rudiment of the future tai l. As this narrow portion elongates, t he part 
of the enteric cavity w ftich it c ontains soon disappears , coming to be rep re- 
sented only by a strand of endoderm cells, which gives rise in the middle to 
the extension backwards of the notochord, l aterally to the mesod erm of the 
t ail,, and ventrallv to a cord of endoderm cell s continuous"with the wall of 
the enteric cavity in front. 

The caudal region increases in length rapidly, and the anterior or trunk 
region, at first round, becomes oval. At its anterior end there appear three 
processes of the ectoderm, the rudiments of the adhesive papilla (Fig. 31, 
adh.), organs by which the larva subsequently becomes fixed. The ectoderm 
cells at an early stage secrete the rudiments of the cellulose test; in the caudal 
region this forms longitudinal dorsal and ventral flaps having the function of 
unpaired fins. 

The meduH fip' '•anal enlarged at its anterior end. A vesicular 

o utgrowth from this enlarged anterior portion forms the sense -vestke (sens. ves.). 
T he posterior narrow part forms the caudal portion t>f t he* central nervous 
system (spinal cord). M asses of pigment in relation to the sense-vesicle early 
form the rudiment of the two larval sense-organs, otocyst (or statocyst) and 
eye. The part behind this presents a thickened wall with a narrow lumen. 
This is known as the e anglion of the trun k. The rudiment of the neural gland 
early appears on the ventral wall ot a ciliated diverticulum (cil. gr.) of the 
anterior end of the archenteron (future pharynx), which subsequently unites 
with an outgrowth from the medullary canal. 

T he embryonic alimenta iv canal consists of two regions, a wide region 
situated altogether in front of the notochotd, and a narrower portion situated 
behind in the region of the notochord. The wider anterior jpart gives rise to 
the pharynx, the posterior part to the oesophagus, stomach, and iqtcstmc. ~ The 
mmith-npMiinfl is formed shortly before the escape of the embryo from the 
egg; an ectodermal invagination is formed at the anterior end, and an endo- 
dcrmal diverticulum from the archenteron grows out to meet it; the two 
coalesce, and the oral passage is thus formed. 

Tire rudiments of the heart and pericardial cavity first appear as a hollow 
outgrowth from the archenteron: this subsequently becomes constricted off 
and involuted to form a double-walled sac, the inner layer of which forms the 
wall of the heart, while the outer gives rise to the wall of the pericardium. 

The first beginnings of the atrial cavity appear as a pair of invaginations 
of the ectoderm which grow inwards and form a pair of pouches, each opening 
on the exterior by an aperture. There is a difference of opinion as to some 
points in the history of these atrial pouches, and it remains uncertain to what 
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extent the ectoderm and endoderm respectively share in the formation of the 
atrial cavity. Eventually spaces, into the formation of which the two ecto¬ 
dermal diverticula at least largely enter, grow round the pharynx and give 
rise to the atrial cavity; and perforation-*, the stigmata, primarily two in 
number, place the cavity of the pharynx in communication with the sur-i 
rounding space. The two openings of the atrial pouches subsequently coalesce 
1o form one—the pexmanent atrial aperture. 

It will be useful now, at the cost of a little repetition, to summarise the 
various characteristics of the larval Ascidian at the stage when it escapes from 
the egg and becomes free-swimming (Fig. 31). In general shape it bears 
some resemblance to a minute tadpole, consisting of an oval trunk and a long 
laterally-compressed tail. The tail is fringed with a caudal fin, which is merely 
a delicate outgrowth of the thin test covering the whole of the surface; tun¬ 
ning through the delicate fringe is a scries of striae, presenting somewhat the 



J'lrc v - 1 lee swimming larva nl AftCldia mammillata, lateral view tdh adhesive papilla* 
all dlunentan canal aU atrial apertim , c\l f. t ciliated divcituulum becoming ciliated funnol, 
md cmlost'vk, tye eye mtd nerve tonl (ganglion of trunk) 10I0 notmhord, oto ototysl 
ves sense \es>n It, ?/if eailiest stigmata (1 torn Kon-chelt and Heidi r, after Isowalcuskv ) 

appearance of the tin-rays ot a Fish’s hn, In the axis of the tail is the noto¬ 
chord (noto.), which at this stage consists of a cylindrical cord of gelatinous 
substance enclosed in a layer ot cells. Parallel with this runs, on the dorsal 
side, the narrow caudal portion of the nerve-cord, and at the sides arc bands 
of muscular hbics. In the trunk the nerve-cord is dilated to form the ganglion 
of the trunk, and, further foiwards, expands into the sense-vesicle (sens, ves.) 
with the otoeyst oi statocyst (oto.) and eye (eye). A prolongation ot it unites, 
as already stated, with the ciliated diverticulum fiom the anterior part of the 
pharynx. From the walls of this at a later stage arc developed, on the dorsal 
side, the ganglion, and, on the ventral, the neural gland; the pharyngeal 
opening (ctl. gr) becomes the ciliated funnel. The enteric canal is distinguish¬ 
able into pharynx, oesophagus, stomach, and intestine. The pharynx opens 
on the exterior by the mouth: in its ventral floor the endostyle (end.) has 
become developed; its walls are pierced by stigmata, the number of which 
varies. The atrial cavity has grown round the pharynx, and opens on the 
exterior by a single aperture only (atr.). The heart and pericardial cavity 
have been formed. In this tailed free-swimming stage the larva remains only 
voi. II. s 
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a few hours; it soon becomes fixed by the adhesive papilla and begins to 
undergo the retrogressive metamorphosis by which it attains the adult condition. 
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Ho 32 —Diagram of the mctamoipbosis of the tree tailed larva into the fixed Asudian A, 
stage of free-swimming larva B larva month fixed, (, older fixed stage adk adhesive 
papilJiF, air atrial cavity; etl gt ciliated diverticulum, becoming ciliated funnel, end endoetyle, 
M heart wed ganglion of trunk, n gn nerve-ganglion. noio notochord ot oral aperture 
net rectum, sens vet sense vesicle, stig stigmata, stol stolon, t tad (From Korscnelt and 
H eider, after Seeliger) 


The chief changes involved in the retrogressive metamorphosis (Fig 32 
die the increase in the number of pharyngeal stigmata, the diminution, and 
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eventually the complete disappearance, of the tail with the contained notochord 
and caudal part of the nerve-cord, the disappearance of the eye and the otocyst, 
the dwindling of the central part of the nervous system to a single ganglion, 
and the formation of the reproductive organs. Thus, from an active free- 
swimming larva, with complex organs of special sense, and provided with a 
notochord and well-developed nervous system, there is a retrogression to 
the fixed inert adult, in which all the parts indicative of affinities with the 
Vertebrata have become aborted. 

In some simple Ascidians, and in the composite forms in which develop¬ 
ment takes place within the body of the parent, the metamorphosis may be 
considerably abbreviated, but there is always so far a:> known, a tailed larva, 
except in the genus AnwieUa of the Molgultda - a family of the simple forms— 
in which the tailed stage is wanting and thne is only an obscure cndodennal 
rudiment to represent the notochord. 



Hu 33 Dolialiim, 1 ite *tngc in the development of the tailed larva ait ap atrial apei 
Lure, dors st idilophore end endostylr , hi heart, ne gn ner\c ginglinn noto notochord, 
oi up oral aperture, lent st ventral stolon ( \fter HI] turn) 

In Pyrosoma development is direct, without a tailed larval stage, and 
takes place within tile body oi the parent. The ovum contains a relatively 
large quantity of food-yolk, and the segmentation is meroblastic. A process, 
developed at an early stage, elongates to form the so-called stolon, which 
divides, by the formation of constrictions, into four parts, each destined to 
give nse to a zooid ( tetrazooid) 1 he primary zooid ( cyaihozooid) undergoes 
atiophy, and at this stage the young colony, composed of four tetiazooids with 
the remains of the cyathozooid enclosing a mass of yolk —the whole invested 
in a common cellulose test- passes out from the brood-pouch in which it was 
developed and reaches the exterior through the cloaca of the parent colony. 
By a process of budding from the four primary tetrazooids, the entire adult 
colony is produced. 

The development of Doliolum is, in all essential respects, very like that of 
the simple Ascidians. There is total segmentation, followed by the formation 
of an embolic gastrula; the larva (Fig. 33) has a tail with a notochord [noto.), 
vot. 11. n* 
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and a body in which the characteristic muscular bands soon make their appcir* 
ance. This tailed larva becomes the asexual stage or “ nurse.” By and by 
the tail aborts, and two processes, one postero-dorsal, the other ventral, known 
respectively as the cadophore (dors, si.) and the ventral stolon (vent, st.), grow out 
from the body of the larva. On the latter arc lormed a number of slight pro¬ 
jections or buds. These become Constricted off, and in the form of little groups 
of cells, each consisting of seven strings of cells with an ectodermal invest¬ 
ment, creep over the surface of the parent (Fig. 34, e, and Fig. 35) till they 
reach the cadophore, to‘which they attach themselves after multiplying by 
division. The cadophore soon becomes elongated, and the bud-like bodies 
attached to it develop into zooids. As the long chain of zooids thus established 
is further developed, the parent Doliolum (Fig. 34) loses its branchiae, its 



l'ic> 34 — Doludum, ldlcr.il view of asexual stage, show uig the cailj development of the buds 
ah ap atrial aperture, dorr st. cadophore < embryos passing ovei the surface from the ventral 
stolon to the cadophore, hi heart, ne nerve ganglion, 01 tip oral ape 1 hire, mil si ventral 
stolon (After Uljanin) 


endostyle, and its alimentary canal; at the same time the muscle-bands increase 
in thickness and the nervous system attains a higher development, until the 
whole parent comes to play a part like that of the nectocalyx of a Siphono- 
pliore (Vol. I., Section IV), its exclusive function being to propel the colony 
through the water by its conti actions. 

The zooids of the cadophore consist oi two sets, differing fiom one another 
in position and in future history— the lateral zooids and the median zooids. 
The lateral zooids serve solely to carry on the nourishment and respiration of 
the colony, and do not undergo any further development. Some of the mwtian 
buds, on the other hand, become detached and take on the special character 
of phorozooids. When free, each phorozooid carries with it the stalk by means 
of which it was attached to the stolon; on this stalk there have previously 
become attached a number of buds which are destined after a time to be 
developed into the sexual zooids. 

The succession of stages in the life-history of Doliolum thus briefly sketched 
will be seen to succeed one another in the following order: (1) sexual form; 
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(2) tailed larva developed sexually from (i), (8) first asexual form or " nurse/’ 
the duvet outcome of (a), ( 4 ) second asexual form (phororooid) developed on 
the cadophore of (j) from buds originating on the ventral stolon, (5) the young 
of the sexual form (i) which are developed in the stalk of (4) 

Salpa, also Doholum, piesents a remarkable alternation of generations In 
the sexual form, which has already been described, only one ovum is developed 

1 lie testis becomes mature later than the 
ovum, and the lattci is impregnated by 
sperms from the testis of an individual of 
an oldi r chain 1 he dt\ elopment is direct 
and lakes place within the body of the 
parent, the embiyo as it glows projecting 
into the braurhiiil cavity I he nouush- 
ment ol the ilc\ eloping embiyo (big 36) is 
c fketed by the foimation of a structure— 
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1 k -to 1 itu sti B i in the dcwlopment rf 
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the placenta- tluough which aclosi union is brought about t>etwecn the vascular 
system of the parent and tint of the embryo 1 he placenta of Salpa is partly 
formed from follicle-cells and cctodi im-cclls of the embryo, partly from the cells 
of the wall of the ovuluc t Segmentation is complete The study of the earlier 
stages is complicated by the very remarkable and unusual ciicumstance that 
duimg segmentation there is a migialion mwaids of some of the cells ot the 
follirle and ol the wall of the oviduct, which enter the segmenting ovum and 
pass among the blastomeres Theie is unccilamty as to what part these 
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inwardly migrating cells play in the development of the embryo; but probably 
they act merely as carriers of nourishment, and become broken up and 
eventually completely absorbed. 

There is no tailed larval stage, and the embryo develops the muscle-bands 
and all the characteristic parts of the adult while still enclosed within the 
body of the parent and nourished by means of the placenta. This sexually' 
developed embryo, however, does not give rise to a form exactly like the parent, 
but to one which differs from the latter in certain less important features and 
notably in the absence of reproductive organs. The sexually formed embryo, 
in other words, gives rise to an asexual generation, which escapes to the exterior 
and becomes free-swimming (Fig. 34). After a time there is developed a 
process or stolon (stol.), on the surface of which are formed a number of bud¬ 
like projections. These increase in size as the stolon elongates, and each 
eventually assumes the form of a sexual Salpa. The chain of zooids formed 
on the stolon breaks off in lengths which swim about intact while reproductive 
organs develop in the individuals. 

Distribution, etc. —The pelagic forms are, as is the case with most pelagic 
organisms, of very wide distribution, and none of the genera is confined to 
particular oceanic areas. The fixed forms, both simple and composite, are also 
of world-wide distribution; they are much more abundant in the southern 
hemisphere than in the northern—the composite forms attaining their maximum 
in the South Pacific area. The depth to which the pelagic forms extend has 
not been determined. Fixed forms occur at all depths, but are much more 
numerous in shallow water than in deep, and at great depths are comparatively 
poorly represented, the simple forms extending to a greater depth than the 
composite. Several genera of pedunculated simple Ascidians seem to be 
confined to very great depths. 

Though placed so high in the animal series, the Urochorda exhibit very low 
functional development. 'Ibis is chiefly connected with the sessile condition 
of most of them. The movements performed by a fixed Asddiajo are slow and 
very limited in character, being coniined to contractions of the mantle; when 
the animal is detached, such contractions may sometimes be observed to result 
in a slow creeping locomotion. Even in the free forms the movements are 
limited to the contractions, of the tail muscles in Appendicularia, of the musde- 
bands of the body-wall in Doliolum, by which swimming is effected. The mode 
of Obtaining food resembles that which has already been described in the case 
of the Pelecypoda (Vol. I., Section IX), the currents which subserve respiration 
also bringing in microscopic organic particles to the mouth. 

Affinities.—That the Urochorda are degenerate descendants of primitive 
Chordates admits of little doubt; the history of the development of the 
Ascidians, taken in connection with the occurrence of permanently chordate 
members of the group (Appendicularia and its allies), is quite sufficient to 
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point to this conclusion. Hut the degree of degeneration which the class has 
undergone -the point on the line of development of the higher Chordata from 
which it diverged—in open to question. According to one view the Urochorda 
are all extremely degenerate, and have descended from ancestors which had 
all the leading features of the Craniata; according to another, the ancestors 
of the class were much lower than any existing Craniate—lower in the scale 
than even Amphioxus—and had not yet acquired the distinctive higher 
characteristics of the Craniates. The complete want of segmentation and the 
virtual absence of a coelome seem to point in the latter direction: the presence 
in the larva of highly-developed central nervous system and sense-organs to 
the former. Appendicularia is hardly to be regarded as representing a primitive 
ancestral type; its close resemblance to the larva of the sessile Ascidians rather 
seems to indicate that it is a persistent larval form —a form in which sexual 
maturity has been reached at earlier and earlier stages in the life-history, and 
in which the final sessile stage has at last been lost, the animal having become 
completely adapted to a pelagic life. Probably the other pelagic forms— 
Salpa, Doliolum, Pyrosoma—were also descended from sedentary ancestors: 
none of them shows any character Lhat can be interpreted as primitive. 

The nearest existing ally of the Urochorda among lower fonns is probably 
Halanoglossus. The similarity in the character of the pharynx, or anterior 
segment of the enteric canal, perforated by branchial apertures, is alone 
sufficient to point to such a connection; and further evidence is afforded by 
the occurrence of a “ notochord " in both, and by the similarity in the develop¬ 
ment of the central part of the nervous system. But the notochord of the 
larvul Ascidiau, almost confined to a post-intestinal tail-region, differs very 
widely from the structure in Balanoglossus supposed to correspond to it, which 
is situated anteriorly and directed forwards; moreover, the other differences 
are so great that the alliance cannot be a dose one, and Balanoglossus and its 
allies can only be looked upon as very remotely connected with the stock from 
which the Urochorda are descended. 


SUB-PHYLUM III AND CLASS. ACRANIA. 

We have seen that the fundamental characters of the Chordata are Hie 
presence of a notochord, of a dorsal, hollow, nervous system, and of a pharynx 
perforated by apertures or gill-slits. In none of the lower Chordata, however, 
are these structures found in a typical condition, at least in the adult. In 
Balanoglossus, Cephalodiscus, and Rhabdopleura the "notochord" is mdi- 
mentary, and in nearly all Tunicata it is present only in the embryo. In 
Rhabdopleura the gill-slits arc absent, and in that genus as well as in Cephalo¬ 
discus and the adult Tunicata the nervous system is represented by a single 
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solid nerve-centre oi ganglion, the neurocoele t«*ing absent. In Balanoglossus, 
moreover, there is a ventral as well as a dorsal nerve-cord, and it is only in the 
anterior portion of the latter that the neurocoele is represented. 

In higher Chordates, on the other hand, what have been called the three 
fundamental chordate peculiarities are fully and clearly developed. There 
is always a distinct notochord extending as a longitudinal axis throughout the 
greater part of the elongated body, and either persisting throughout life, or 
giving place to an articulated vertebral column or backbone. The central 
nervous system remains throughout life in the form of a dorsal nerve-tube 
or neuron containing a longitudinal canal or neurocoele, and the pharynx is 
always perforated, either throughout life or in the embryonic condition, by 
paired branchial apertures or gill-slits. In addition to these characters, the 
mouth is ventral and anterior, the anus ventral anil posterior; the muscular 
layer of the body-wall is primarily segmented, and the renal organs arise as a 
series of paired tubules which may represent either nephridin or ccelomoducts. 
Moreover, there is always an important digestive gland, the liver, developed 
as a hollow ontpushing of the gut, and distinguished by the fact that the blood 
from the alimentary canal circulates through it before passing into the general 
current, thus giving rise to what is called the hepatic portal system of blood¬ 
vessels. 

These higher Chordalcs comprise sections of very unequal extent, viz., 
the sub-phyla Acrania, Agnatha, and Gnathostoinata. 

. The section Acrania includes only two families, the Hranchiostomida — 
containing the ftranchiostoma (usually known by the name of one of its 

sub-genera, AjfJRiBxns), Epigonichthys, and perhaps some others; and the 
Amphioxidiit^ containing the pelagic genus A inphiox ides, which, however, 
may not be 4 n adult form. The differences between the genera and species of 
Branchio^tojnida: arc comparatively insignificant, and the following description 
will deafelxfclusively with the best known and most thoroughly investigated 
species, the Lancelot, Amphioxus lanccolatus , found in the English Channel, 
the North Sea, and the Mediterranean. 

Amphioxus is a small transparent animal, occurring near the shore and 
burrowing in sand; its length does not exceed 5-8 cm., or less than two inches. 
Its form will be obvious from Fig. 37 and from the transverse sections, Fig. 38, 
A and IS. The body is elongated, pointed at either end, and compressed. 
The anterior two-thirds is roughly triangular in transverse section, presenting 
light and left sides, inclined towards one another above, and a convex ventral 
surface. The posterior third is nearly oval in section, the right and left sides 
meeting above anil below in a somewhat sharp edge. 

Extending along the whole of the dorsal border is a median longitudinal 
fold, the dorsal fin [dors. /.): this is continued round the posterior end of the 
body and extends forwards, as the ventral fin [vent. /.), as far as the region 
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where the oval tiansvcrsc section passes into the triangular. Ihe portion 
of the continuous median fold winch extends lound the pointed posterior 
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1 Ki 37—Amphionu lanoeolatns. A ventral, B side view of the rntiie aniniiL an anus 
aiip atiiopore rd f cdudiliiii, nt cmi, dors f dorsal fin, dot <> ft denial fin rayb, gon 
gonads, mtpl nutapleurc i nyom m>omeros; nch noloiliord, m hd mal hood; vent f 
ventral fin, lent f r ventnl Jin rays (After Kirkaldy ) 


extremity of the body is somewhat wider than the rest, and may be distinguished 
as the caudal fin [ed.f). In the anterioi two-lhiids of the body there is no 
median ventral fin, but at the junction of ea^h lateral with the ventral surface 
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tiu 38 — Amphloxni Uneeolatns. A tiansverse section of the pbcryngeal region a 
dorsal aoi La, b atrium, c. notochord, co. calonu , e. rndost)lu, g. b tnad, hb branchial 
lamella., hd. pharynx, l liver, my myomere, n. nophrulium r neuron, sn spinal nerves, 
It, transverse section of the intestinal region, air atrium, t at calome d ao dm sal aurt*i 
in/ intestine, tnyotu myomere, vth notnchoid ncu neuron s int 1 sub intestinal vein 
( I, from Heitwig, after Lankestn and Boven h partly after liolpli) 

is a paired longitudinal fold, tlic tnelapleure (mtpl ), which extends forwards 
to the oral hood mentioned in the next paragraph 

Below the pointed anterior extremity is a large median aperture sui rounded 





42 


ZOOLOGY 


by a frill-like membrane, the oral hood (or. hd.) t the edge of which is beset with 
numerous tentacles or cirri (cir.). The oral hood encloses a cup-shaped cavity 
or vestibule , at the bottom of which is the mouth (Fig. 39, mth.). On the wall 
of the oral hood is a specially modified tract of the epithelium divided into 
finger-shaped lobes. The cells of this tract, which is known as the wheel- 
organ, are provided with long cilia, the movements of which drive currents of 
water with floating food-particles backwards into the pharynx. Along the roof 
of the vestibule runs a ciliated groove—the groove of Hatschek . Immediately 
in front of the anterior termination of the ventral fin and partly enclosed by 
the metapleures is a rounded aperture of considerable size, the atrioporc (atrp.), 
and a short distance from the posterior extremity of the body is the anus (an.), 
placed unsymmetrically on the left side of the ventral fin. The post-anal 
portion of the body is distinguished as the tail. 

Amphioxus ordinarily lives with the greater part of the body buried in 
sand, only the anterior end with the expanded oral hood protruding. It also 
swims in the vertical position, and frequently lies on one side on the sand : it 
burrows, head foremost, with great rapidity. A current of water is constantly 
passing in at the mouth and out at the atriopore. 

Body-wall. —The body is covered with an epidermis (Fig. 38) formed of a 
single layer of columnar epithelial cells, sonic of which are provided with 
sensory hairs, while some are unicellular glands. O11 the surface of the epidermis 
is a cuticle perforated by pores. The epithelium of the buccal cirri presents at 
intervals regular groups of sensory cells, some of them bearing stiff sensory 
hairs, others cilia. Beneath the epidermis is the dermis , formed mainly of soft 
connective-tissue 

The muscular layer (my., myom.) is remarkable for exhibiting meLameric 
segmentation. 11 consists of a large number—about sixty—of muscle-segments 
or myomeres, separated from one another by partitions of dense connective- 
tissue, the myocommas, and having the appearance, in a surface view, of a series 
of very open V's with their apices directed forwards (Figs. 37 and 3gf/. Each 
myomere is composed of numerous flat, striated muscle-plates, arranged longi¬ 
tudinally, so that each is attached to two successive myocommas. In virtue 
of this arrangement the body can be bent from side to side with great rapidity. 
The myomeres of the right and left sides of the body axe not opposite to one 
another, but have an alternate arrangement. A special set of transverse muscles 
(Fig. 38, A) extends across the ventral surface of the anterior two-thirds 
of the body, lying in the floor of the atrial cavity presently to be described. 

One striking and characteristic feature of the muscular layer of the body- 
wall is the immense thickness of its dorsal portion. In the higher Worms 
and many other Invertebrates the muscles form a layer of approximately 
equal thickness surrounding the body-cavity, which contains, amongst other 
organs, the central nervous system. In Vertebrates, on the other hand, the 
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dorsal body-wall is greatly thickened, and in it are contained both the nervous 
system and the notochord. 

Skeleton.—The chief of the skeletal or supporting structures of the Lancelot 
is the notochord (Figs. .58 and 39, c., tick.), a cylindrical rod, pointed at both 
ends, and extending from the anterior to the posterior end of the body in the 
median plane. It lies immediately above the enteric tract and between the 
right and left myomeres. It is composed of a jxxmliar form of cellular tissue 
known as notochordal tissue, formed of large vacuolated cells extending from 
side to side of the notochord, and having the nuclei confined to its dorsal and 
ventral regions. Around these cells is a structureless layer, secreted by the 
cells, enclosed in a notochordal sheath of connective-tissue, which is produced 
dorsally into an investment for the canal enclosing the central nervous system. 
The notochord, like the parenchyma of plants, owes its resistant character 
to the vacuoles of its component cells being tensely filled with fluid, a condition 
of turgescence being thus produced. 

The oral hood is supported by a ring (Fig. 39, sk.) of cartilaginous consis¬ 
tency, made up of separate rod-like pieces arranged end to end, and correspond¬ 
ing in number with the cirri. Each piece sends an offshoot into the cirrus to 
which it is related, furnishing it with a skeletal axis. 

The pharynx is sup]>orted by delicate oblique rods of a firm material, 
apparently composed of agglutinated elastic fibres, the gill-rods (hr. r.). These 
will be most conveniently discussed in connection with the pharynx itself. 
The dorsal fin is supported by a single series and the ventral fin by a double 
series of fin-rays (dors. f. r., vent.f. r.), short rods of connective-tissue, continuous 
with the investment of the neural canal and separated from one another by 
small cavities (lymph-spaces). 

Digestive and Respiratory Organs.- -The mouth (mth.), as already mentioned, 
lies at the bottom of the vestibule or cavity oJ the oral hood (or. lid.). It is a 
small circular aperture surrounded by a membrane, the velum (vl.), which acts 
as a sphincter, and lias its free edge produced into a number of velar tentacles 
(vl. /.). 

The mouth leads into the largest section of the enteric canal, the pharynx 
(ph.), a high, compressed chamber extending through the anterior half of the 
body. Its walls are perforated by more than a hundred pairs of narrow oblique 
clefts, the gill-slits or branchial apertures (br. cl.), which place the cavity of the 
pharynx in communication with the atrium (see below 1 ). Fiom the posterior 
end of the pharynx goes off the tubular intestine (in/.), which extends backwards 
almost in a straight line to the anus. 

On the ventral wall of the pharynx is a longitudinal groove, the endostyle 
(Fig. 38, A, e.), lined by ciliated epithelium containing groups of gland-cells 
Like the homologous organ in Ascidia (p. 15), the glands secrete a cord of mucus 
in which food-partides are entangled and carried by the action of the dlia to 
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the intestine. A somewhat similar 
structure, the epipharyngeal groove, 
extends along the dorsal aspect of 
the pharynx: its sides are formed by 
ciliated cells, which, at the anterior 
end of the groove, curve downwards, 
as the peripharyngeal bands, and join 
the anterior end of the endostyle. 

From the ventral region of the 
anterior end of the intestine is given 
off a blind pouch, the liver (Ir.) or 
hepatic cacum, which extends for¬ 
wards to the right of the pharynx: 
it is lined with glandular epithelium 
and secretes a digestive fluid. 

The gill-slits ( hr. cl.) are long 
narrow clefts, nearly vertical in the 
expanded condition, but very oblique 
in preserved and contracted speci¬ 
mens—hence the fact that a large 
number of clefts always appear in a 
single transverse section (Fig. 38, A, 
kb.). The clefts are more numerous 
than the myomeres in the adult, but 
correspond in number with them in 
the larva: hence they are fnnda 
mentally metamcric, hut undergo 
an inciease in number as growth 
proceeds. 

The branchial lamella, (Fig. 39, 
br. sep„ Fig. 38, A, kb.), or portions 
of the pharyngeal wall separating 
the clefts from one another, are 
covered by an epithelium which is 
for the most part cndodermal in 
origin^and is composed of greatly 
elongated and ciliated cells. On the 
outer face of each lamella, however, 
the cells are shorter and not ciliated, 
and are, as a matter of fact, portions 


of the epithelial lining of the atrium, and of ectodermal origin. Each lamella 
is supported towards its outer edge by one of the branchial rods (Fig. 39* 
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br. f.) already relerred to. These are narrow bars united with one another 
dorsally by loops, but ending below in free extremities which are alternately 
simple and forked. The forked bars are the primary (6 r. r. i), those with simple 
ends the secondary (br. r. 2) branchial rods, and the lamellse in which they are 
contained are similarly to be distinguished as primary lamella (br. sep. x) and 
secondary or tongu&lamella (br. sep. 2). In the young condition the two clefts 
between any two primary lamellae ore represented by a single aperture: as 
development proceeds a downgrowth takes place from the dorsal edge of the 
aperture, forming, as in Balanoglossus (p. 4), a tongue which extends down¬ 
wards, dividing the original deft into two, and itself becoming a secondary 
lamella. A further complication is produced by the formation of transverse 
branchial junctions or synapticula, supported by rods connecting the p rimar y 
septa with one another at tolerably regular intervals. ' 

The Atrium. —The gill-clefts lead into a wide chamber occupying most 
of the space between the body-wall and the pharynx, and called the atrium 
(Figs. 38, II, and 39, air.). It is crescentic in section, surrounding the ventral 
and lateral regions of the pharynx, but not its dorsal portion. It ends blindly 
in front; opens externally, behind the level of the pharynx, by the atriopore 
(atrp'.) ; and is continue 1 backwards by a blind, pouch-like extension (air.) 
lying to the right of the intestine (Fig. 38, B, atr.). The whole cavity is lined 
by an atrial epithelium ol ectodermal origiq. As in Asridia, the cilia lining 
the gill-defts produce a current setting in at the mouth, entering the pharynx, 
passing thence by the gill-slits into the atrium, and out at the atriopore. The 
current, as in Tunicala and Balanoglossus, is both a respiratory and a food 
current, the animal feeding passively on the minute organisms in the surrounding 
water. 

Coelome. —Owing to tlie immense size of the atrium, the body-cavity, 
which is a true coelome, is much reduced. It is represented, in the pharyngeal 
region, by paired cavities (Fig. 38, Fig. 39, cal., A, co., Fig. 40, sc.) lying one 
on either side of the dorsal region of the pharynx above the atrium, and 
connected by narrow canals in the primary branchial lamellae (Fig. 40, right 
side) with a median longitudinal space below the endostyle (ec.). In the 
intestinal region it entirely surrounds the intestine, but is much reduced on 
the right side, being displaced by the backward extension of the atrium (Fig. 
38, B, atr.. Fig. 39, atr 1 .) ; on the left side a forward extension of it surrounds 
the liver (Fig. 38, A, /.). Separate cavities lie in the metapleures. The whole 
series of spaccsas lined by coelomic epithelium. 

Blood-System. —The blood-vessels of Amphioxus are all of one kind, but, 
owing to certain undoubted homologies with the more complex vessels of the 
Craniata (see below), some of them receive the name of arteries, others of 
veins. 

Lying in the ventral wall of the pharynx, below the endostyle, is a median 
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longitudinal vessel, the ventral aorta (Fig. 40, si., Fig. 41, v. ao.); it is con¬ 
tractile, and drives the blood forwards. From it are given off, on each side, lateral 
branches, the afferent branchial arteries (Fig. 40, k .; Fig. 41, af. hr. a.), with 



r 10 40 Amphmnu lanornilutM. Diagrammatic transverse section u£ tiic phar> ngeal region 
passing on the right through a primary, on the left through a secondary branchial lamella 
ao. dorsal aorta; c. derm; ee endovlylar portion of ccdomo, / fascia or mvesting layer of 
myomere, fh compartment containing tin. ray, g gonad, gl glomerulus (moditied pail of 
branchial artery in relation to ncphndium), k branchial artery, kd. pharynx, Id combined a trial 
and ccrlomic wall (ligamentum denticulatum), m myomere, mt transverse muscle, ti 
nephndtum, of metapleural lymph space; p atrium , sc uclome, n \ entral aorta ; sk sheath 
of notochord and neuron, uj spaces in ventral wall (riom Korschelt and Heider, after Boven 
and Hat&chek) 

small contractile dilatations at their bases, which pass up the primary branchial 
lamellae and communicate by cross-branches with similar vessels (af. br. a 1 .) 
in the secondary or tongue-lamellae. The blood is exposed, while traversing 
these vessels, to the aerating influence of the respiratory current, and leaves 
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the branchial lamellae dorsaUy by efferent branchial arteries («/. br. a.), which 
open on each side into paired longitudinal vessels, the right and left dorsal 
aorta (d. ao.), lying one on either side of the epipharyngeal groove. Anteriorly 
both dorsal aortie are continued forwards to the region of the snout, the 
right being much dilated; posteriorly they unite with one another, behind 
the level of the pharynx, into an unpaired dorsal aorta (d. ao'.), which extends 
backwards in the middle line, immediately below the notochord and above 
the intestine. 

The unpaired dorsal aorta sends oil branches to the intestine, in the walls 
of which they break up to form a network of microscopic vessels or capillaries 
(cf.). From these the blood is collected and poured into a median longitudinal 
vessel, the sub-intestinal vein (Figs. 38, B, and 41, t. int. v.), lying beneath 
the intestine: in this trunk the blood flows f01 wards, and, at the origin of the 
liver, passes insensibly into a hepatic portal vem (hep. port, v.), which extends 



1 k. 41 - Diagram of thr vistulai &\stcm c»t Amphioxus. aj bt a afferent biamhial 
arteries bt rl branchial ileft cp intestinal i ipil]aiu> d ao pan cnl dorsal aorta? d ao 
meduLU dorsal aoi la t J Or a etfcient branchial arteries hip potl v hepatic potU 1 vein , hfp 
/ hepatu vein, int intestine, It liver, ph pharynx s int i sub intestinal vein, t ao 
ventral aorta 

along the ventral side of the liver and breaks up into capillaries in that organ 
From the liver the blood makes its way into a hepatu vem (hep. ».), which 
extends along the dorsal aspect of the digestive gland, and, turning downwards 
and forwards, joins the posterior end of the vcntial aorta 

It will be seen that the vascular system of Amphioxus consists essentially 
of (a) a dorsal vessel represented by tbe paired and unpaired dorsal aortac, 
(6) a ventral vessel represented by the subintcstmal vein and the vential aorta, 
and (c) commissural vessels represented by the aftcient and efferent branchial 
artenes and the intestinal capillaries. So far the resemblance to the vascular 
system of Annulata is tolerably close, but two important differences are to 
be noted. The blood in the ventral vessel travels forwards, that in the dorsal 
vessel backwards—the precise opposite of what occurs in worms—and the 
ventral vessel is broken up, as it were, into two parts, by the interposition 
in its course of the capillaries of the liver, so that all the blood from the in¬ 
testine has to pass through* that organ before leaching the ventral aorta. 'I his 
passage of the intestinal blood through the vessels of the liver constitutes 
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what is called the hepatic portal system, and is eminently characteristic of 
Vcrtebrata. 

The blood is almost colourless, with a few red corpuscles, and appears to 
contain no leucocytes. It is not confined to the true blood-vessels just de¬ 
scribed, but occurs also in certain cavities or lymph-spaces, the most important 
of which are the cavities in the dorsal and ventral fins containing the fin-rays 

(Fig. 40 ,fh.), and paired canals 
in the metapleures (of.). 

Excretory Organa.— The prin¬ 
cipal organs of excretion are 
about ninety pairs ol peculiarly 
modified nephridia (Fig. 39, neph). 
situated above the pharynx and 
in relation with the main ccclomic 
cavities. Each nephridium (Fig. 
42) is a bent tube consisting of an 
anterior vertical and a posterior 
horizontal limb. The vertical 
limb terminates in a large group 
of solenocytes (Vol. I, Section 
VII), and there are several 
smaller groups on the horizontal 
limb. The organ thus closely 
corresponds to the type of 
nephridium with closed inner 
end bearing solenocytes already 
described as occurring in certain 
ofthePolychaeta. On the ventral 
surface of the horizontal limb, 
opposite a secondary branchial 
lamella, is a single aperture Ix'anng long cilia and opening into the atrium : 
this corresponds with the nephriduiporc or external aperture of the typical 
nephridium. 

An excretory function has also been assigned to a single pair of organs 
called the brown funnels (Fig 39, hr. /.), also situated on the dorsal aspect 
of the pharynx at its posterior end. Their wide backwardly-directed ends 
open into the atrium; their narrow anterior ends probably communicate with 
the coelome. There arc also groups of columnar excretory cells on the floor 
of the atnum. 

Nervous System. —The central nervous system is a rod-like organ, the 
neuron or dorsal nerve-tube (Fig. 38, A ,».; B, neu., Figs. 39, 41), contained 
within and completely filling a median longitudinal neural canal which lies 
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immediately above the notochord. It is roughly triangular in transverse 
section; anteriorly it ends abruptly, some distance behind the anterior end 
of the notochord, while posteriorly it tapers to a point over the hinder end 
of the latter. It is travel sed by an axial cavity, the neurocqcle (Fig. 39, 
cent, c), connected with the mid-dorsal region by a longitudinal cleft—the 
dorsal fissure. At the fore-end of the nerve-tutie the neuroccele becomes 
dilated, forming a considerable cavity, the encephalocak or cerebral ventricle 
(Fig. 32, en. cce., Fig. 43, c.v), and a little behind this the dorsal fissure 
widens out above to loan a trough-like dorsal dildlatioti (dil.) covered only by 
the delicate connective-tissue sheath which invests the whole nerve-tube. 



I 4 in 43 Amphionu lanceolatuB. A, brain and perel 1.1I nerves ot a young specimen, ]\ t 
traubverse section thiough nruropure, C, behind cerebral \ entncle; I), through dorsal dilatation 
ch notochord; t v. cere hi a 1 vuntrule, ihl dorsal dilatation, i eye-spot; np. neuroporc # olj 
olfactory pit, l f II, ceiebral nerves (Prom Willey, after Hatschek ) 

The anterior end of the neuron, containing these two cavities, is to be looked 
upon as the brain, although not distinguishable externally from the re maining 
portion or spinal cord. 

The anterior and dorsal region of the brain is produced into a small, hollow, 
pointed pouch which comes into relation with the olfactory organ and is called 
the median olfactory lobe. In its posterior and ventral region a depression has 
been described which appears to correspond with the infundibulum of the 
Craniata [vide, p. 99). In the young animal the cerebral ventricle opens 
above by an aperture, the neuropore (Fig. 43, B, np.), which subsequently 
doses up. 

The neuron is mainly composed of longitudinal nerve-fibres with abundant 
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ncrve-ceUs mostly grouped around the neuroccele. At intervals giant nerve- 
cells occur —multipolar cells of immense proportional size, connected with 
nerve-fibres of unusual thickness—the giant' fibres. The latter appear to 
correspond with the giant fibres of Chaetopods (Vol. I., Section VII), which 
have sometimes been supposed to have no nervous function and to be mere 
supporting structures. 

The peripheral nervous system consists of the nerves given off from the 
neuron. They are divisible into two sets, the first consisting of two pairs of 
cerebral nerves (Fig. 43, 1 . and II.) arising from the brain, 
the second of a large number of spinal nerves arising from 
the spinal cord. The cerebral nerves take their origin in 
front of the first myomere, the first from the anterior 
extremity of the brain, the second from its dorsal region: 
they are both distributed to the snout, their branches being 
provided towards their extremities with numerous ganglia 
containing nerve-cells. The spinal nerves are segmentally 
arranged, and, in correspondence with the disposition of the 
myomeres, those of the right and left sides arise alternately, 
and not opposite one another (Fig. 44). In each segment 
^ there are two nerves on each side, a dorsal nerve, arising by 
a single root from the dorsal aspect of the spinal cord, and 
a ventral nerve, arising by numerous separate fibres: the 
dorsal nerves supply the skin and the transverse muscles 
and arc therefore both sensory and motor, the ventral nerves 
are purely motor, supplying the myomeres. 

Sensory Organs. —At the level of the anterior end of the 
^7 .1 > brain is a narrow ciliated depression, the olfactory pit (Fig. 

* * e 43, olf.), opening externally on the left side of the snout and 

^ ^ connected at its lower end with the median olfactory lobe. 

1-k An- s ^ ruc * ,ure * s opposed to be an organ of smell: in the 

piifawna i*n«nuh«- larva its cavity is in direct communication with the neurocoele 

npuKm^from^o'bovr! throu 8 h the 

showing nerves An unpaired pigment-spot (e.) in the front wall of the 
Schneider ) 11 ^’ ***** brain is usually referred to as a median cerebral eye. There 
is no lens or other accessory apparatus, and experimental 
evidence seems to show that this so-called eye is not sensitive to light. Smaller 
eye-like organs with or without pigment occur in the spinal cord throughout 
the greater part of its length. There is no trace of auditory organs. The 
groove of Hatschek, on the roof of the buccal cavity, is supposed to have a 
sensory function, but this is very doubtful. Lastly, the sensory cells on the 
cirri of the oral hood give those organs an important tactile function. 

Beprodnetive Organs. —The sexes are separate, but there is no distinction, 


it 
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apart from the organs of reproduction, between male and female. The gonads 
(Figs. 38, A, Fig. 3Q, gon., and 40, g,) arc about twenty-six pairs of pouches 
arranged metamerically along' the body-wall, and projecting into tlie atrium 
so as largely to fill up it*? cavity. The inner or mesial face of each pouch is 
covered by atrial epithelium pushed inwards by the growth of the gonads ; 
within this, and completely surrounding the reproductive organ, is a single 



Fig 4 ; — Amphiomi Isnoeobtns. Segmentation of Ihe oosperm. V, the four c elled stage 
It) from above, G, vertical section of H , A, vertical section of the bla&tula stage i (1<rom 
koiflchelt aucj Ueidcr, after Uatsrliek ) 

layer of epithelium which is shown by development to be rcelomic. Hence 
each gonad is surrounded by a closed ccelomic sac. 

When ripe the inner walls of the gonadic pouches burst, and the ova or 
sperms make their way into the atrium and thence by the atriopore to the 
external water. 1 he laid eggs are covcied by a thin vitelline membrane, to 
which a second, inner pert-vitelline membrane is added, the substance of which 
is derived from droplets in the protoplasm. 
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Development.—After maturation (Fig. 45, A) and impregnation, the 
membranes separate from the oosperm, leaving a wide space around the latter. 
Segmentation is complete, there being very little yolk; it begins by a meridional 
deft dividing the oosperm into two (£), and followed by a second deft, also 
meridional, at right angles to the first (C, D). Next, an (approximatdy) 
equatorial deavage takes place, the embryo coming to be formed of eight 
cells (£), of which the four belonging to the upper hemisphere, distinguished 
by the presence of the polar bodies, are smaller than the lower four. Apertures 
at the poles lead into a central cavity. Further meridional and latitudinal 
divisions take place, and the embryo becomes a blas>tula_ (7, K), enclosing a 
spadous blastocoele, and having the cells on its lower pole (megamercs) larger 
♦han the rest (micromercs). The polar apertures disappear owing to the 
closer approximation of the cells. 

Invagination then takes place .(Fig. 46, A), occasioned by the rapid multi¬ 
plication of the micromeres; then the lower pole of the blastula becomes 



He 4b — Amphioxos lanceolate!, 'llircc stages in the fumution of the gastmla. 
(From Knisihclt and finder, after HatuJick.) 


gradually pushed in until the whole lower hemisphere is in complete contact 
with the upper hemisphere and the blastocoele obliterated (B ). The gastrula 
thus formed is at first basin-shaped, Having a very wide blastopore, but its 
cavity (the archenteron) gradually deepens, and the blastopore is reduced 
to a comparatively narrow aperture (C), afterwards destined to form the anus. 
At the same time the aspects of the body are marked out; the dorsal surface 
becomes flattened, the ventral convex; the blastopore marks the posterior 
end and is distinctly dorsal in position. Cilia are developed from the ectoderm 
cells, and by their vibration cause the embryo to rotate within its membrane. 

The ectoderm cells forming the median portion of the flattened clonal 
surface now become differentiated and sink below the rest, giving rise to the 
medullary plate (Fig. 47, A, mp.). The ordinary ectoderm cells on each side 
of tins plate rise up as a pair of longitudinal medullary folds (A6.), extend towards 
the middle line and unite {B, Kb.), covering over the medullary plate. The 
latter bends upwards at the sides so as to become trough-like instead of flat 
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(C), and, its two sides coming in contact with one another above, the plj 
is converted into a tube , the neuron (D, ».)> enclosing a central canal, the 
neurocaU, confinuetf Sorsall^lhfo anarrow cleft. The medullary folds extend 
behind the blastopore so that, when they unite, the latter aperture opens into 
the neurocode by a neurenteric canal (Fig. 48, A, c».). Anteriorly the folds 
remain apart up to a late period, so that the neurocoele opens externally in 
front by a wide aperture, the neurppor* (Figs. 48,49, and jo, tip.) 


49, and 50, tip.) 
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47 -Am j M a m i la nie olatm. Foui stages in the development of the notixliurd nervous 
system, and mesodeim ah ectoderm; rh notochord, dh cavity of anhenterem. Kb ridge of 
ei toderm growing over medullary plate th endoderm, Ik coelome; tnh i a lonnr pour h; mh 1 
parietal layer of mesodem; mh* visceral layer, mb medullary plate; v neurun; ns proto 
vertebra (I rom Korscliclt and Heidi 1, after Hatschelc) 

While the central nervous system is thus being formed, the endodermal 
wall of the archcntcron develops dorso-laterally a pair of longitudinal folds 
(* in Fig. 47, A and B), the cavities in which, continuous with the archcntcron, 
are the beginnings of the cnterocuelic system. Transverse folds winch appear 
divide the longitudinal folds into segments, with the result that the archenteron 
comes to have appended to it dorso-laterally a paired series of oiishoots, the 
enierocalic or ccelomic pouches (Fig. 47, ink.), arranged metamerically. In 
this way segmentation is established, and it is at this period that the embryo 
ruptures its containing membrane and begins free existence. Before long 
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the mflnmic pouches separate from the archenteron and take on the form of a 
series of closed calomic sacs or somites (Fig. 47, C, D), lying between ectoderm 
and endoderm. From the walls of these sacs the mesoderm is deriyfed: their 
tffvTOerfiniting become the coelome, which is therefore 'an enierocctle, like that 
of Sagitta and the Echinodermata. 

While the coelomic sacs arc in course of formation a median groove appears 
along the dorsal wall of the archenteron (Fig. 47, B, C, ch .): it deepens, 
loses its tubular character, and becomes a solid rod, the notochord (D, ch.), 
lying immediately beneath the nerve-tube. The ordinary endoderm cells 
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Fig. 48.— Amphlozofl lanceolate*. Embryo. A, from the hide, />, in horizontal set lion 
ak. ectoderm, cn. ncurcntenc, canal, JA. archenteron; ik. endoderm; ink. mebodeimal lnlds, 
n neural tube; ud archenteron; us fir&t cqcIoiuil pouch ; v&h. Lcelomir cavity; V. anterior ; 
If. posterior end. (hrom Kurschclt and Heider, after Hatschek) 

* 

soon unite beneath it and so shut it off from the archenteron. It will be seen 
that the notochord, like the neuron, never exhibits any trace of segmentation. 
At its first fonnation it stops short of the anterior end of the archenteron: its 
final extension to the end of the snout is a subsequent process. 

Tlie significance of these early stages in the development of Amphioxus has been 
variously regarded by different embryologists, and it is impossible to give here more than 
a statement of the ascertained facts, leaving the question of their interpretation, which 
can only be profitably discussed on the broadest basis, os a matter for more advanced 
study. Since, however, the gastrulation and mesoderm-formal ion in Amphioxus are, 
almost universally, made the starting-point in the process of interpreting the phenomena 
of early development in all Vertebrates, it may be desirable at the prrsent stage to state 
that though in the foregoing account the cells which are invaginated are referred to 
throughout simply as endoderm, this view of their nature is not the only one that may 
reasonably be held. If the inner layer of the gastrula be composed of endoderm and of 
endoderm only, certain consequences necessarily follow. the nofochord must be purely 
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eudodernul in origtaj aad so must the -whole of the mesoderm. This is tiie termhiology 
•' fouowed iu the preceding pages. ■, But it may be held ^t Jl^vpipcen m • 

; uwemnatfem a not so simple, and thatthe inner layer . Of the msulting gasttula iseuwjfe' 
up; # turn, distinct parts: a dorsal part, which is ectodermal-, and a 'Veutjral pitt* wmib ' 
consists af entoderm. On this view the notdchord aud tiie mesodenn, derivMfcom the 
dorsal part ,<rfthe invaginated layer, would both lie of ectodermal origin, and dmy the 
enteric epithelium would be endodermal. These points will be referred to again at a later 
.stage. 

A further point about which there may be room for differences erf opinion is the detailed 
development of the ccelqme. According to one view of the facts the coelome of Atnphioxus 
may at one stage be compared to that of Balanoglosaus (p. 7)wth an unpaired ahterior 
part # destined to fpim the hnad-coelome and representing the probdscis-cavity of Balano- 
glossus; a middle pair of pouches which form the first pair of scomtes, and a pair of canalr 
like backward extensions, which may be compared to the collar^cavities; and a posterior . 
•pair corresponding with the trunk-coelome of the Enteropneust—the last becoming divided 
up to form the ccelomic sacs. 



Fig. 49.—Amphiaxm lanoeolatni. A, young larva; /?, anterior end more highly magnified. 
c. provisional tail-fin; ch. notochord; cn. neurenteric canal; d. enteric canal; h, coelome of head; 
k . club-shaped gland; h\ its external aperture; ks. first gill-slit: tn. mouth; mr. neuron; n.p. 
neuropore; sv. sub-intestinal vein; tv. pre-oral pit. (From Korschelt and Heider. after Hatschek.) 

New coelomic pouches are formed in regular order from before backwards* 
the embryo at the same time elongating and becoming laterally compressed 
and pointed fore and aft. At the anterior end the mouth (Fig. 49, m) appears 
on the left side of the body as a small aperture, which sdon increases greatly 
in size. On the ventral surface another small aperture, the first giU-slil (ks.), 
makes its appearance, and soon shifts over to the right side: it forms a direct 
communication between the pharynx and the exterior, like the stigmata of 
Appendicularia (p. 21): there is at present no trace of the atrium. 

The anterior end of the archenteron has meanwhile grown out into a pair 
of pouches, which become shut off as dosed sacs: of these the right gives rise 
to Uie coelome of the head (A), the left to a depression called the pr&oral pit 
(w.1, which opens on the exterior and from which the groove of Hatschek 
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and the wheel-organ are afterwards formed. The 
pre-oral pit also gives rise to Hatschek’s nephrtdium 
(Fig, 50, *.), a narrow ciliated tube which opens into 
the anterior part of the pharynx, and runs forwards 
to terminate blindly in the roof of the oral hood: 
it disappears completely in the adult except 
in Amphioxides, in which it is said to contain 
solenocytes. 

On the floor of the archenteron in the neighbour¬ 
hood of the mouth a depression appears giving rise 
to a structure known as the club-shaped gland (k.), 
which may be a modified gill-cleft. Posteriorly 
the ncurentcric canal closes and the anus appears. 

We left the mesoderm in the form of separate 
paired somites, arranged metamerically in the 
dorsal region of the embryo. These increase in 
size, and extend both upwards and downwards, 
each presenting a somatic layer (Fig. 47, D, mi. 1 ) 
in contact with the external ectoderm, and a 
splanchnic layer (1 mk .*) in contact with the nervous 
system and notochord dorsally, and with the enteric 
canal ventrally. At about the level of the ventral 
surface of the notochord a horizontal partition is 
formed in each ccelomic sac (Fig. 47, D), separating 
it into a dorsal and ventral portion. The dorsal 
section is distinguished as the protovertebra or 
myotome (ns.), and its cavity as the myocoele or 
muscle-cavity: the ventral section is called the 
lateral plate or splanclmotome, and its cavity forms a 
segment of the ccelome. 

The later plates now unite with one another in 
pairs below the enteric canal, their cavities becoming 
continuous: at the same time the cavities of suc¬ 
cessive lateral plates are placed in communication 
with one another by the absorption of their adja¬ 
cent (anterior and posterior) walls. In this way 
the cavities of the entire series of ventral plates, 
right and left, unite to form the single unsegmented 
ccelome of the adult, their walls giving rise to the 
coelomic epithelium. 

At the same time the cells of the splanchnic 
layer of the protovertebrse become converted into 
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muscular fibres, which nearly fill the myoccele, and give rise to the myomere: 
the myocommas arise from the adjacent anterior and posterior walls of the 
protovertebra. An outpushing of the splanchnic layer, at about the level of 
the ventral surface of the notochord, grows upwards between the myomere 
externally and the notochord and nerve-tube internally: from the cells lining 
this pouch the connective-tissue sheath of the notochord and neural canal 
arises, and perhaps also the fan-rays. From the parietal layer of the pro¬ 
tovertebra is formed the derm or connective-tissue layer of the skin. 

The larva increases in size, and becomes very long and nairow, with a 
pointed anterior end and a provisional caudal fin posteriorly (Fig. 50, c). As 
growth proceeds, new segments are added behind those already formed, the 
notochord grows forwards to the antenor end of the snout, and the eye-spot 



ap 

tic. 51 —Amphlaau laneenJatna. Ventral aspect <f three larv<e showing the development 
ol the atnum ap atnopoio A Rill slits, If left me'apleuia] fold ; nt mouth , rf right meta 
pleural fold , w pre oial pit (Finin Korschelt and Heidcr, after Lankcster and Willey ) 

[an.) and olfactory pit appear, the latter as an ectodermal pit which com¬ 
municates with the neurocoele by the still open neuropore, (np.). The mouth 
(m.) attains a relatively immense size, still remaining on the left side. 

Additional gill-slits arise behind the one already mentioned: they all make 
their appearance near the middle ventral line, and gradually shift over to the 
right side: at first they correspond with the myomeres, so that the segmenta¬ 
tion of the pharynx is part of the general metamerism of the body. Altogether 
fourteen clefts are produced in a single longitudinal series. Above, i.e„ dorsal 
to them, a second longitudinal scries makes its ap{>earance, containing eight 
clefts, so that at this stage there are two parallel rows of gill-slits on the right 
side of the body, and none on the lell. But as growth goes on, the first 01 
ventral series gradually travels over to the left side, producing a symmetrical 
arrangement, and at the same time the first slit and the last five of the first or 
definitely left scries close up and disappear, so that the numbers are equalised 
on the two sides. At first each gill-slit is simple, but before long a fold grows 
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down from its dorsal edge, and, extending ventrally, divides the single aperture 
into two: this fold is the secondary or tongue-lamella, the original bars of 
tissue between the undivided slits becoming the primary lamelhe. 

While the development of the gill-slits is proceeding, the atrium is in course 
of formation. Paried longitudinal ridges, the mct&pleural folds (Fig. 51, 
If rf, Fig, 5a, sf), appear on the ventral side of the body, behind the gill- 
slits, and gradually extend forwards, dorsal to the latter, their arrangement 
being very unsymmetneal m correspondence with that of the clefts themselves 
On the inner face of each fold, i.e. the face which looks towards its fellow 



I*ig 52—Amphioxui lanceol&tui. Diagiammatic tiansvust set tiun* of three Ui\ * to show 
the developmiut of the atrium ao aorta, c deimis d intestine J tanu (laytr of connective- 
time on inner surface of zn>onicrr), fh cavity foi dorsal fin rav, m m>omcie, n neuron, p 
atiium, 5/ metaplcui al folds sfh mota pleural l>mph space a sub intestinal \ cm sk sheath 
of notochord and neuron , sub atnal ndge; cctlome (1 mm Korscholt and Holder, after 
Lankestci and Willes ) , 

of the opposite side, a longitudmal, sub-atrial ndge (Fig. 52, A, si) appears, 
and the two sub-atrial ridges meeting and coalescing, a canal (B, f>) is formed 
immediately below the ventral body-wall. This canal is the commencement 
of the atnum : it is at first quite narrow, but gradually extends upwards on 
each side ((, p ) until it attains its full dimensions It is open, at first, both 
m front and behind - the posterior opening remains as the atnopore: the 
anterior opening becomes gradually shifted f01 wards as the fusion of the sub- 
atrial ridges proceeds (Fig. 51, B and C), and is finally completely dosed. 
In this way the gill-slits come to open, not directly on the exterior, but into a 
cavity formed by the union of paired ndges of the body-wall, and therefore 
lined by ectoderm. 

The mouth gradually passes to the ventral surface, and undergoes a relative 
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diminution in size: a fold of integument develops round it and forms the oral 
hood, which is probably to be looked upon as a stomodamra. The endostyle 
appears on the right of the pharynx (Fig. 50 ,Jl), and is at first rod-shaped, 
then V-shaped: ultimately the limbs ol the V unite in the middle ventral line. 
The gill-slits increase in number and become more and more vertically elongated. 
The provisional caudal fin disappears. The gonads arise from the outer and 
ventral regions of the protovcrtebrie in the form of pouches, which gradually 
assume their permanent form. 

Distribution.—The Branchiostomidae are very widely distributed in tropical 
and warm-temperate seas. Atnphioxides has only been obtained with the tow- 
net and is, seemingly, of permanently pelagic habit. 11 differs from A inphioxus 
in the absence of oral cirri and of an atrial cavity, the branchial slits opening 
directly on the exterior in an unpaired ventral row. No tully mature specimens 
have yet been found, but the larger specimens have a single row of gonads. 

Distinctive Characters—The Acrania may be defined as Euclioida in which 
the notochord extends to the anterior end of the snout, in advance of the central 
nervous system. There is no skull, and no trace of limbs. The ectoderm 
consists of a single layer of cells which may be ciliated. Tlie pharynx is of 
immense size, perforated by very numerous gill-slits, and surrounded by an 
atrium. The liver is a hollow pouch ol the intestine. There is no heart, 
and the blood is almost colourless. The nephridia remain distinct and open 
into the atrium The brain is very imperfectly differentiated; there are only 
two pairs of cerebral nerves; and the dorsal and ventral spinal nerves do not 
unite. There are no paired eyes, but there is a median pigment-spot in the 
wall of the biain, and many others in the spinal cord ; an auditory organ is 
absent. The gonads arc metamerically arranged and have no ducts. There 
is a typical invaginatc gastrula, and the mesoderm arises in the form of ineta- 
meric coclomic pouches. The coelome is an enterocmlo. 

Affinities. Amphioxus has had a chequered zoological history. Its 
first discoverer placed it among the ‘.Gastropo d^ considering it to be a_slug. 
When its vcitchrate tharactcr was made out , it was foi a long time placed 
definitely among QgHS^cUS the type of a distinctordfiE yf thg^jjass; but, on 
further"sfu3^,'it became obvious that an animal without skull, brain, heart, 
auditory organs, paired eyes, or true kidneys, and with colourless blood and a 
pharynx surrounded by an atrium, must be as widely separated from the lowest 
fish as is the lowest fish from a bird or mammal. 

There was still, however, no suspicion of any connection between Amphioxus 
and the Urochorda until the development of both was worked out, and it was 
shown that in many fundamental points, notably in the formation of the 
ner vons. system ^nd the not ochord, there was a close rese mblance tietwecn t he 
two. The likeness was futfEer VmpGasiseTTiy the'presence in both forms of 
an endostyle, an epipharyngeal groove (dorsal lamina) and peripharyngeal 
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bands, and of an atrium, and by the homology of the gill-slits of Tunicates with 
those of Amphioxus. The Urochorda being obviously a highly specialised 
group with many organs degenerated, it was suggested that the peculiarities 
of Amphioxus might also be explained on the same lines. A still more recent 
suggestion 1 that Amphioaus is a modified and degenerate form of one of the 
Agnatha is interesting- According to this view the acquired specialisations are 
the multiplication^ of the gill-slits and myomeres, the asymmetry and the 
complicated larval History. The losses by degeneration are to be seen in the 
simplification of the brain (which has more the appearance of a degenerate 
structure than that of the beginning of a primitive chordate brain), of eyes, 
otic capsules, exoskdeton, and of generative ducts. Such losses are not im¬ 
possible, as they can largely be paralleled in other vertebrata. The presence, 
on the other hand, of true nephridia with solenocytes, a structure otherwise 
unknown in the Chordata, is evidence of the persistence of a very primitive 
character. 

The evidence as to the real position of this form is as yet insufficient, but 
investigations have tended to bring the Acrania nearer to the Craniate 
Vertebrata and to remove them further from the lower Chordata. 


GENERAL INTRODUCTION TO CRANIATE FORMS 

The group of the Craniata (Vertebrata) includes all those animals known as 
Fishes, Amphibians, Reptiles, Birds, and Mammals, or, in othei words, Verte¬ 
brata having a skull, a highly complex brain, a heart of three or four chambers, 
and red blood-corpuscles. 

In spite of the obvious and striking diversity of organisation obtaining 
among Craniata—between, for instance, a Lamprey, a Pigeon, and a Dog-- 
there is a fundamental unity of plan running through the whole group, both 
as to the general arrangement of the various systems of organs and the structure 
of the organs themselves —far greater than in any of the principal invertebrate 
groups. The range of variation in the whole of the classes included in the 
division is, in fact, considerably less than in many single classes of Invertebrata 
—for instance, Hydrozoa or Crustacea. Hcncc, while the plan hitherto 
adopted of treating the group class by class will be followed, it will be found 
convenient to begin by devoting a considerable space to a preliminary account 
of the Craniata as a whole, since in this way much needless repetition will be 
avoided. 

External Characters.—-The body of Craniata (Fig. 53) is bilaterally sym¬ 
metrical, elongated in an antero-posterior direction, and usually more or less 
cylindrical. It is divisible into three regions: the head, which contains the 

1 Gregory. W. K : " The Transformation of Organic Designs: a Review of the Origin and 
Deployment of the Earlier Vertebrates," Biological Reviews , TQ36. Cambridge. 
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brain, the chief sensory organs, and the mouth and pharynx; the trunk, to 
which the coelome is confined, and which contains the principal digestive and 
circulatory as well as the excretory and reproductive organs; and the tail, 
or region situated posteriorly to the coelome and anus, and containing none of 
the more essential organs. Between the head and trunk there is frequently 
a narrow region or neck, into which the coelome does not extend. In aquatic 
Vertebrates the tail is normally of great size, not marked off externally from 
the trunk, and is the chief organ of locomotion: in terrestrial forms it usually 
beoomes greatly reduced in diameter, and has the appearance of a mere 
unpaired posterior appendage. 

The mouth (i mth .) is a transverse aperture placed at or near the anterior 
end of the head. Near it, sometimes dorsal, sometimes ventral in position, 
are the paired nostrils or anterior nares (na .)—or in Cydostomi the single nostril 
—leading to the organs of smell. Farther back, on the sides of the head, are 
the large paired eyes (e.), a nil on the dorsal surface there is sometimes more or 
less indication of a vestigial median or pineal sense-organ (pn. e.), which may take 
the form of an eye. Posterior to the paired eyes are the auditory organs (««.), 
the position of which is indicated in the higher forms by an auditory aperture. 

On the sides of the head, behind the mouth, are a series of openings, the 
gill-slits or external branchial apertures (e. hr. a. I —7): they are rarely more than 
seven in number and in air-breathing forms disappear more or less completely 
in the adult. In the higher Fishes a fold called the operculum (Fig. 206, 
op.) springs from the side of the head immediately in front of the first gill-slit and 
extends backwards, covering the branchial apertures. In the Aphctohyoidea 
(pp. 154 -172) the operculum is supported by the mandibular arch. 

On the ventral surface at the junction of the trunk and tail is the anus 
{an.). Distinct urinary and genital apertures, or a single urino-genital aperture, 
are sometimes found either in front of or behind the anus, but more commonly 
the urinary and genital ducts open into the termination of the enteric canal, 
or cloaca, so that there is only a single egestive opening, known as the cloacal 
aperture. On either side of this there may be a small abdominal pore {ab. p.) 
leading into the coelome. 

In Fishes and some Amphibians, the trunk and tail are produced in the 
middle dorsal line into a vertical iold or median fin, which is continued round 
the end of the tail and forwards in the middle line to the anus. Frequently 
this continuous fin becomes broken up into distinct dorsal {d. f. 1 and 2), 
ventral (v. /.), and caudal {cd. /.) fins, which may assume very various forms : 
in the higher classes all trace of median fins disappears (cf., however, analogous 
structure in the Cetacea). 

Fishes also possess paired fins. Immediately poslerioi to the last gill-slit 
is a more or less horizontal outgrowth, the pectoral fin (pet. /.), while a similar 
but smaller structure, the pelvic fin ifiv. /.), arises at the side of the anus. 
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In all Craniata above Fishes, i.c. Innu Amphibia upwards, the paired fins 
are replaced by fore- and hind-limbs (J.L, h.l.), each consisting of three divisions 
-upper-arm, fort-arm, and hand in the one case; thigh, shank, and foot in the 
other. Both hand and foot normally terminate in five fingers or digits, and 
the penladaetyle limb thus fanned is very characteristic of all the higher Vcrtc- 
brata. The paired fins, or limbs, as the case may be, are the only lateral 
appendages possessed by Vertebrates. 

Body-wall and Internal Cavities.— The body is covered externally by a 
skin consisting of two layers, an outer or epithelial layer, the epidermis (Fig. 
54, Ep.), derived from the ectoderm of 
the embryo, and an inner or connective* 
tissue layer, the dermis (Coj, of meso¬ 
dermal origin. The epidermis is always 
many-layered, the cells of the lower 
layers, forming the stratum Malpighii, 
being protoplasmic and capable of 
active multiplication, while those of the 
superficial layers often become flattened 
and homy, and constitute the stratum 
corneum. Gland < ate frequently present 
in the skin in the form of tubular or 
flask-shaped in-pusliings of the epider¬ 
mis or of isolated gland-cells (/#). 

The skin may be naked, but is usually 
provided with protective structures of 
various kinds, such as scales, bony 
plates, feathers, or hair. Scales of the 
fishes arc of different shapes, such as 
cycloid, ctenoid or rhomboid, but it is the 
structure rather than the shape lliat is 
of importance and of value in classifica¬ 
tion. There are three main kinds of 
scales in fishes: the placoid, the cosmoid, 
and the ganoid. The placoid scale (Fig. 

55 (1)), with an ectodermal cap of enamel 
and a body of dentine surrounding a pulp-chamber, has essentially the same 
composition as a tooth, and in the Choudrichthyes, in which group this scale is 
characteristic, there is a clear transition from the scales on the body to the 
teeth on the jaws. They lie superficially and, if lost, can be continually 
replaced. 

The cosmoid scale (Fig. 55 (2)) lies deeper in the dermis, and consists of thm* 
layers: an outer one, known as the cosmine layer, which is formed of a cell- 



Fic;, 54.—Diagrammatic 
tiou of the skin of a Fish, 
mucous glands; Co, derm; 
margin; Ep. epiderm; F, fat; 
vessels; Ko, goblet-cells; K 5 , 


ry 

vertical see* 
B, unicellular 
CS, cuticular 
G, blood* 
ale-cells : 


ft granu 

S, vertical, and W, horizontal bundles of 
connective-tissues. (From Wiedersheim’s 
Vcrtebrata.) 
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less bubbtame bomewlidt like dentine with vascular spaces and fine radiating* 
tubules, and on the outer surface a thin layer of a hard glossy substance termed 
vitrodentine. The middle layer, the vascular layer, is formed of bone perforated 
by numerous anastomosing canals for the blood-vessels The bottom layer, 
the is opedtnc layer, consists of several lammee of bone lying parallel to one 




lie 55 

i 1'lacoid Scale Median dorsal dtntJcle scale of Ilaja blanda A left side 
view B, section enlarged, b basal plate d dentinal tubule* o opening of pulp 
c avity, s p projecting spine, tr trabecular dentine (After Goodrich) 

2. Coemcnd Scale of Megalichthvs htbberti A piece of a thick transverse section 
enlarged, B, bection through the hind edge, enlarged ( f outer view of a complete 
scale ae anterior region covered by neat wale c hrge vascular cavity ch chamber 
of cobmine layer, di canaliculi of cosmme g thin outermost layer h irregular 
vascular canals v isopedme layer, o opening of chamber of co&inine layer on 
surface, pc pulp cavity from uhich canaliculi radiate, w vertical canal hiding to 
vascular cavity. (After Goodrich) 
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Another, through which at intervals run canals for hiood-vessels passing to the 
vascular layers Cosmoid scales are dot shed, and during growth expand by 
the addition of cosmineround the edge of the upper surface and by addition 
to the isopedme layers below Ifrappears that the vitrodentine covering of the 
scale can be resorbed and replace at intervals the lile bf the fish. 1 

Cosmoidscales are found' only in the CioasOplerygians and in ihe Dtjphoi, 
hut in living fprms of the last-named group much of the characteristic structure 
bf the scale has been lost. 



Fm. S5 . 


3. Ganoid Scale of Hurynofus crenatus A, diagrammatic and enlarged view of a 
piece of scale; B, outer view of a complete scale; C, transverse section of a scale, 
a. anterior covered region; ap. articulating process; c. fine canaliculi of cosmine 
laver: g. ganoine layer; A. system of horizontal canals; ». isopedine layer; 0. open¬ 
ing of vertical canals on the outer surface; p. exposed posterior shiny part of the 
scale; s. outer surface; vc. vertical canal. (After Goodrich.) 

The ganoid scale (Fig. 55 (3)) is composed of layers of cell-less ganoine on 
the upper surface which pass into layers of isopedine below. Between these 
two layers there are two more, an upper one resembling cosmine and a lower 
the vascular layers, but these are not universally present or may be much 
reduced. The growth of the ganoid scale differs from that of the cosmoid 
in that fresh layers are laid down on the top of the scale as well as on the 
underside. This type of scales and its derivatives is confined to the 
Actmopterygii. 

"""“Scales and bony plates occur in the higher vertebrata but their relation 
to those of the fishes is still obscure. In reptiles and birds the scales and 
feathers, and in mammals the hair, are epidermal in origin and are formed 
1 Westell, T. S.. M On the Structures of the Dermal Ethmoid Shield of Osteolepis . 11 Owl; 
Mag . 73, No. 86?. 1936. 

VOL. II. * 





66 


ZOOLOGY 


of a homy substance termed keratin which is jierhaps distantly allied to 
enamel. Detail 1 * of the structure are given in the accounts of the respective 
classes. 

Beneath the skin comes the muscular layer. This is always highly developed, 
and, in the lower Craniata, has the same general arrangement as in Amphiozus, 
i.e. consists of zigzag muscle-segments or myomeres (Fig 56, mym.), separated 
from one another by partitions of connective-tissue, or myocommas (myc ), 
and formed ol longitudinally disposed muscle-fibres. The myomeres are not 
placed at right angles to the long axis of the body, but are directed from the 
median vertical plane outwards and backwards, and are at the same time 
convex in front and concave behind, so as to have a cone-in-cone arrangement 
(Fig 57, f). Each myomere, moreover, is divisible into a dorsal (d. m.) 
and a ventral (v. m ) portion. In the higher groups this segmental arrange- 



lift. 56—Side Mew ol Dogfish x MuMus antauticu*) with d stun ol akin in the middle of 
the body removed to show the muscles, an anus, cf d caudal fin, a J i, d f a, dorsal tins 
e eye, ext hr up external branchial apertures f LI lateral line, mth mouth, tnyo myocommas, 
mym myomeres, n. a nasal aperture, pit / pectoral fin, pi f pchir iui, sp spiracle, v f 
ventral fin (From Parker's Jhologv ) 


ment, though present in the embiyo, is lost in the adult, the myomeies becoming 
converted into more or less longitudinal bands having an extremely complex 
arrangement. 

In the trunk, as shown by a section of that region, the muscles fonn a 
definite layer beneath the skm and enclosing the corlome (Fig. 57, A and (, 
ccd). The muscular layer, as in Amphioxus, is not of even diameter through¬ 
out, but is greatly thickened dorsally, so that the coelome is, as it were, thrown 
towai ds the ventral side. Its dorsal portion, moreover, is excavated by a canal, 
the neural or cerebrospinal cavity (c. s. c), in which the central nervous system 
is contained, and the anterior portion of which is always dilated, as the cranial 
cavity, for the brain. Thus a transverse section of the trunk has the form of a 
double tube. In the head, neck, and tail (B, D), the coelome is absent in tlio 
adult, and the muscles occupy practically the whole of the interval between 
the skin and the skeleton, presently to be referred to: in the tail, however, 
there is found a hamal canal [h, c) containing connective-tissue, and representing 
a virtual backward extension of the coelome. The fins, or fore- and hind-limbs, 
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are moved by longitudinal muscles derived from those of the trunk. All the 
voluntary or body-muscles of Craniata are of the striated kind. 

The coelome is lined by peritoneum (C, pr), a membrane rrmsisting of an 
outer layer of connective-tissue, next the muscles, and an inner layer of 
epithelium bounding the cavity, and thus forming the innermost layer of the 
body-wall. In Fishes the coelome is divided into two chambers, a large 
abdominal cavity containing the chief viscera, and a small forwardly-placed 



Pericardial cavity [A, pc,) contain¬ 
ing the heart, and lined by a 
detached portion of peritoneum 
known as the pericardium. In 
Mammals there is a vertical 
muscular partition, the diaphragm, 
dividing the coelome into an an¬ 
terior chamber or thorax, contain¬ 
ing the heart and lungs, and a 
posterior chamber or abdomen 
containing the remaining viscera. 

Skeleton. —The hard parts or 
supporting structures of Craniata 
fall into two categories— the exo- 
skeleton and the cndoskcleton. 
The exoskeleton consists of bony 
or horny deposits in the skin, and 
may be either epidermal or der¬ 
mal, or both, but is never, like the 


Fig. 58. —Semi-diagrammatic transverse section 
of the vertebral 1 olumn of a Craniate embryo c c. 
central canal; el. m. external elastic membrane; 
h. r. haemal ndgos; w. c neural tube; tick, nuto* 
1 hord; nch. c. notochordal cells; p. 0 t. pcnchordal 
tube; hh, nek. sheath of nnlothonl; &ft. t skcleto* 
genous cells migrating into notin hnrdal sheath; sk, l. 
skelctogenoub layer; sp. cd spinal cord. (Modified 
from Balfour and Gadow ) 


armour of an Arthropod or the 
shell of a Mollusc, cuticular. The 
epidermal exoskeleton is always 
formed by the cornihcation or 
conversion into horn of epidermal 
cells, and may take the form of 


scales—as in Reptiles, feathers, 
hairs, claws, nails, horns, and hoofs. The dermal exoskeleton occurs in 


the form of either bony or horn-like deposits in the derm, such as the 
scales and dermal fin-rays of Fishes, and the bony armour of the Sturgeon, 
Crocodile, or Armadillo. 


The endoskeleton, or " skeleton ” in the ordinary sense of the word, forms 
one of the most complex portions of the body, and presents an immense range 
of variation in the different classes and orders. As in Amphioxus, the axis 
of the entire skeletal system is formed by the notochord (Fig. 58, nch), an 
elastic rod made of peculiar vacuolated colls (Figs. j8, 59, nch), resembling the 



PHYLUM ClIORIMTA 


69 

pith of plants, and covered by a laminated sheath {$h. nch.), with an external 
elastic membrane [el. m.) around it. The whole sheath is, in the Craniata, a 
cuticular product of the superficial notochordal cells [nch. c.l, i.e. is developed 
as a secretion from their outer or free surfaces. The notochord lies in the middle 
line of the dorsal body-wall between the cerebro-spinal cavity above and the 
cmlome below: it is usually developed, as in the lower Chordata, from a median 
longitudinal outgrowth of the dorsal wall of the gut. Posteriorly it extends to 
the end of the tail, but in front it always stops short of the anterior end of the 
head, ending near the middle of the brain immediately behind a peculiar organ, 
the pituitary body (Fig. 57, A,ply. b.), which will be referred to again in treating 
of the digestive organs and of the nervous system. The extension of the nervous 
system in front of the notochord is one of the most striking differences between 



Jug so - -l)M£r<tin illustrating the segmentation of the veitebral column 1 n I pencboidal 
tube, hr liemal iulRe h t b*mnl tube t f intervcitebral foramen » t neural tube, 
n(h notochoid I lie ilolttd lines indicate the segmentation into vertebra. 

the Craniata and Amphioxus, in which, it will be remembered, the notochord 
is prolonged to a considerable distance beyond the anterior end of the 
nerve-tube. 

In the majority of Ciamala the notothoid is a puicly embryonic structure, 
and all but the antenm end of it is replaced in the adult by the vertebral column. 
The cells of mesoderm surrounding the notochord become concentrated around 
the sheath and give rise to the s keletogenous layer (Fig. 58, sk. 1 ), some of the 
cells of which [sk. c.) may migrate through the elastic membrane into the sheath 
itself. In this way the notochord becomes surrounded by a cellular invest¬ 
ment which soon takes on the structure of cartilage, and may be called the 
perichordal tube (Fig 58, p c. L, and Fig. 59, c. n. t.). Tlu skeletogenous 
layer also grows upwards, and gives rise to an inverted tunnel of cartilage, 
the neural tube («. c„ n. t.), enclosing the cerebro-spinal cavity and connected 
below with the perichordal tube; and to paired hamal ridges (A. r.) of cartilage 
standing out from the sides of the perichordal tube into the muscles: in the 
region of the tail these unite below to enclose the hamal canal [h. c.) already 
referred to. Actually, however, the vertebral column thus constituted is 
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from the first more or less broken up into segments, and in the higher forms is 
replaced by a chain of bones called vertebra which follow one another from 
before backwards, beginning a short distance behind the anterior end of the 
notochord and extending to the extremity of the tail. 

A vertebra consists essentially of the following parts: (i) a centrum or 
body (Fig. 57, C, c n.) lying below the spinal canal in the position formerly 
occupied by the notochord and perichordal tube, and arising either in the 
skeletogenous layer proper, or in the notochordal sheath after its invasion by 
sketetpgenous cells; (2) a neural arch (». a.) which springs from the dorsal 
surface of the centrum and encircles the spinal canal, representing a segment 
of the neural tube; and (3) a pair of transverse processes (t. p.) which extend 
outward from the centrum among the muscles and represent segments of the 
haemal ridges: to them are often attached rtis which extend downwards in 
the body-wall, sometimes between the dorsal and ventral muscles (r\), some¬ 
times immediately external to the peritoneum (r.). In the anterior part of the 
ventral body-wall a cartilaginous or bony sternum or breast-bone may be de¬ 
veloped : in the Amphibia it is an independent structure; in the higher classes 
it is formed by the fusion of some of the anterior ribs in the middle ventral 
line. In this way the anterior or thoracic region of the coelome is enclosed in an 
articulated bony framework formed of the vertebral column above, the rib* 
at the sides, and the sternum below. The ribs under these circumstances 
become segmented each into two parts, a dorsal vertebral rib, articulating with 
a vertebra, and a ventral sternal rib with the sternum. In the tail there is 
frequently a hatnal arch (Fig. 57, D, h. a.) springing from the ventral aspect 
of the centrum and enclosing the luemal canal. Thus the line of centra in the 
fully-formed vertebral column occupies the precise position of the notochord ; 
the neural arches encircle the spinal portion of the cerebro-spinal cavity; 
the transverse processes, ribs, and sternum encircle the cnelome; and the haemal 
arches similarly surround the haemal canal or vestigial coelome of the tail. 
As we ascend the series of Craniata we find every gradation from the persistent 
notochord of the Cyclostomata, through the imperfectly differentiated vertebrae 
of Sharks and Rays, to the complete bony vertebral column of the higher forms. 

The vertebra are equal in number to the myomeres, but are arranged 
alternately with them, the fibrous partition between two myomeres abutting 
against the middle of a vertebra, so that each muscle-segment acts upon two 
adjacent vertebra. Thus, the myomeres being metameric or segmental 
structures, the vertebra are intersegmental. 

In connection with the anterior end of the notochord, where no vertebrae 
are formed, there are developed certain elements of the skull or cephalic skeleton, 
a structure which is eminently characteristic of the whole craniate division, 
and to the possession of which it owes its name. The skull makes its first 
appearance in the embryo in the form of paired cartilaginous plates, the para - 
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chordals (Fig. 60, pc.), lying one on each side of the anterior end of the noto¬ 
chord (nch.), and thus continuing forward the line of vertebral centra. In 
front of the parachordals are developed a pair of curved cartilaginous rods, 
the trabecula ( tr.) which underlie the anterior part of the brain, as the para¬ 
chordals underlie it* posterior part: their hinder ends diverge so as to embrace 
the pituitary body (pty.) already referred to. Cartilaginous investments are 
also formed around the organs of the three 
higher senses: a pair ol olfactory capsule s 
round the organs of smell, one of optic 
capsules round the organs of sight, and one 
of auditory capsules (an. c.) round the organs 
of hearing. The optic capsule, which mav 
bo either cartilaginous or fibrous, remains 
free from the remaining elements of the 
skull in accordance with the mobility of the 
eye; it constitutes, in fact, the sclerotic or 
outer coat of that organ. The olfactory 
capsules are usually formed in relation to 
the trabecube, and are continuous with 
those structures from an early stage. The 
audiloiy capsules in some cases arise as 
outgrowths of the parachordals, in others 
as independent cartilages, each of whieh, 
however, soon unites with the parachordal 
ol its own side. As development goes on, 
the trabeculae and parachordals become 
tused into a single basal plate (Fig (>i. 

11, b. rr.) underlying the brain: the skull- 
lloor thus formed gives otf vertical up¬ 
growths on each side which finally close 

in above to a greater or less extent, and so give rise to a more or less complete 
cranium or brain-case enclosing the brain and the organs ol smell and hearing, 
and furnishing open cavities or orbits for the eyes. 

In the continuous solid cranial box thus formed certain definite regions 
are to be distinguished: a posterior or occipital region, formed from the para¬ 
chordals, united or articulated with the anterior end of the vertebral column, 
and presenting a large aperture, the foramen magnum (Fig. 6r, B, for. mag.), 
through which the spinal cord becomes continuous w ith the brain; an auditory 
region formed by the two oat standing auditory capsules (A, au. cp.) ; and a 
trcbecular region, including all the rest. The latter is again divisible into an 
interorbital region, between the orbits or eye-sockets; an olfactory region, 
constituted by the olfactory capsules (olf. cp.), and by a median vertical plate, 
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bu —Tlie elements of Hit 11,111 
ium in an embryo 8alnum f fiom above 
ai . c auditory capsule; nch. notochord 
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the mesethmoid (B, tn, eth.), which separates them from one another; and a 
Pre-nasal region or rostrum (r.) extending forwards from the mesethmoid and 
forming a more or less well-marked anterior prolongation of the cranium. 
The cavity for the brain (B) extends from the foramen magnum behind to the 
olfactory region in front; its floor, formed from the basal plate of the embryo, 
is called the basis cranii (6. cr.) : its roof is always incomplete, there being one 
or more apertures or fontaneUes (fon.) closed only by membrane and due to the 
imperfect union above the side-walls. 



Fig 6 i — A, diagram of cartilaginous skull fiom the left side; It, cranium in sagittal sec turn 
au cp auditory capsule; b hr r-5, basi-branchuls; h n bdbis cranii, b. hy. basi-byal, t. bt 
eerato-branchial, c. hy t erato-hyal; ep h epi-branchial, ep h\ epi-liyal, fon fuutanello, 
fm wag foramen magnum, h hr h\po branchial, h hi h\po-hyal, hy. m hyomandihular; 
lb r— 4, labial cartilages, nick o Meckel’s cartilage; m eth mesethmoid, w 2--20, foramina 
for cerebral nerves, olf if. olfacton capsule; pal. qu palatoquadrate, ph bv phatyngo 
branchial, r rostrum; s t pituitary fossa or sella luicica 


In the walls of the brain-case arc apertures or foramina for the passage 
outwards of the cerebral nerves (vide p. ioi) . The most important of these are 
the olfactory foramina (nv. x) for the nerves of smell, situated at the anterior 
end of the cerebral cavity, one on each side of the mesethmoid; the optic 
foramina (nv. 2) for the nerves of sight, in the intcr-orbital region; the trige¬ 
minal foramina (nv. 5) for the fifth nerves, just in front of the auditory capsule; 
the auditory foramina (nv. 8 ) for the nerves of hearing, in the inner wall of the 
auditory capsules; and the vagus foramina (nv. m) for the tenth nerves, 
immediately posterior to the auditory capsules. 

In addition to the elements of the brain-case—parachordals, trabecula, 
and auditory capsules—there enter into the composition of the skull another 
set of elements called visceral bars. These are cartilaginous rods formed in the 
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walls of the phaiynx between the gill-slits, and thus encircling the pharynx 
like a series of paired half-hoops (Fig. 61, B, vs. b.) The corresponding right 
and left bars become united with one another below by an unpaired cartilage 
(Fig. hi, A, b. hr), forming a visceral arch, and the unpaired ventral pieces 
may unite successive arches with one another in the middle ventral line, thus 
giving nse to a more or less basket-like visceral skeleton. It will be noticed 
that the visceral skeleton has a segffiental arrangement, being formed of parts 
arranged in an antero-posterior scries, whereas in the cranium there is no clear 
indication of segmentation. There is, however, no exact correspondence 
between the segments of the visceral skeleton and the metameres. The visceral 
arches vary in number from four to nine: the foremost of them is distinguished 
as the mandibular arch, and lies just beliind the mouth; the second is called 
the hyoid arch, and the rest branchial arches, from the'fact that they support 
"•the gills in water-breathing forms. 

In all Craniata except the Cyclostomes the mandibular arch becomes 
modified into structures called jaws for the support of the mouth. Each 
mandibular bar divides into a dorsal and a ventral portion called respectively 
the palato-quadrate cartilage (Fig. 6l, A, pal. qu.) and Meckel’s cartilage 
(mck. r.): the palato-quadrates grow forwards along the upper or anterior 
margin of the mouth, and unite with one another in the middle line, lorming 
an upper jaw: Meckel’s cartilages similarly extend along the lower or posterior 
margin of the mouth anil unite in the middle line, forming the lower jaw. The 
quadrate (</«.), or posterior end of the palato-quadrate, furnishes an articulation 
for the lower jaw, and often acquires a connection with the cranium, thus 
serving to suspend the jaws from the latter. Thus each jaw arises from 
the union of paired bars, the final result being two unpaired transverse structures, 
one lying in the anterior, the other in the i*oslerior margin of the transversely 
elongated mouth, and moving in a vertical plane. The fundamental difference 
between the jaws of a Vertebrate and the structures called by the same name 
in an Arthropod or a Polychaitous Worm will be obvious at once. 

The hyoid bar usually becomes divided into two parts, a dorsal, the 
hyomandibular or pharyngo-hyal ( hy.m .), and a ventral, the hyoid cornu, which 
is again divisible from above downwards into segments called respectively 
epi-hyal ( ep.hy .), eerato-hyal (c.hv.), and hypo-hyal ( h.hy .). The median ventral 
element of the arch, or basi-hyal (b.hy), serves for the support of the tongue. 

In the earliest fishes of all--c.g., the Acanthodii (p. 154)—the jaws are 
attached by ligaments to the neurocramum and the hyoid arch, instead of 
being modified to support the upper and lower jaws, is as complete as are the 
posterior arches and the gill-slit lying in front of the hyoid arch, instead of being 
reduced to a spiracle which may even be closed and disappear, is fully functional 
as a complete gill. This type of jaw suspension may be termed autodiastylic .* 
1 dc Beer and Moy-Thomas, Trans. Koval Soc., B 314, 1035, 
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When the hyomandibular becomes attached to the hinge of the upper and 
lower jaws and supports them so that the attachment to the skull is lost! the 
suspension is termed hyostylic, and this is the method of attachment of the 
majority of fishes. In some early forms and in a few living fishes there is an 
attachment to the skull as well as to the hyomandibular, a condition known 
as amphistylic. It appears that in fishes the autodiastylic attachment is the 
most primitive, the amphistylic the next to be derived from it, and then the 
hyostylic as the most recent. It is probable that the latter condition has been 
arrived at independently in the Chondrichthyes and bony fishes. 

Finally, the upper jaw, instead of merely lying against the skull and attached 
only by ligaments, as in the autodiastylic phase, may become definitely fused 
with it. This condition is termed autosystyJic. Two groups of fishes have the 
jaws attached to the skull and no hyoid suspension—namely, the Dipnoi and 
Holocephali—but the condition is not the same in each case. The Holocephali 
have a complete hyoid arch which is free from the cranium, a condition which, 
according to different interpretations, may be an approach to the autodiastylic 
condition or a secondary modification such as is shown by the skates. To this 
kind of suspension the term holostylic 1 has been given. In the Dipnoi and all 
Tetrapods the hyoid arch becomes broken up and the hyomandibular attached 
to the skull, where it soon enters into the service of the ear region. This 
condition is usually termed autostylic. As this term, however, really covers 
more than one condition it is now divided into autosystylic and holostylic. 

The brancliial arches become divided transversely into dorsoventral seg¬ 
ments called respectively pharytigo-branchial {ph.br.), epi-branchial {ep.br.), 
cerato-branchial ( c.br .), and hypo-branchial {h.br.), and the visceral skeleton 
thus acquires the cliaracter of an articulated framework which allows of the 
dilatation of the pharynx during swallowing and of its more or less complete 
closure at other times. 

In connection with, and always superficial to, the rostrum, olfactory 
capsules, and jaws, are frequently found labial cartilages {lb. I — 4), which some¬ 
times attain considerable dimensions. 

In certain Fishes, such as Elasmobranchs, the cartilages of the skull become 
more or less encrusted by a superficial granular deposit of lime-salts, giving rise, 
as in the vertebral column of these Fishes, to calcified cartilage ; but in all the 
higher forms true ossification takes place, the cartilaginous skull becoming 
complicated, and to a greater or less extent replaced, by distinct banes. Of 
these there are two kinds, replacing or " cartilage "-bones and investing or " mem¬ 
brane "-bones. Replacing bones may begin by the deposition of patches 
of bony matter in the cartilage itself {endochondral ossification). As develop¬ 
ment proceeds, these may be replaced by ossification starting within the 

1 W. K (jieguiy, Biological Bulletin. Vol. VI1 , no 1, 1904, " The Relation* of the Anterior 
Visceral Arches to the ChondroCramora. 1 ' 
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perichondrnm, or layer ol connective-tissue surrounding the cartilage, and 
gradually invading the latter. More usually the bone is formed from the 
outset by the deposition of layers invading 1 he cartilage from the pericltondriiini 
(or periosteum) inwards {perichondral or periosteal ossification). But in either 
case the bones in question are usually said to be preformed in cartilage, t.e. 
they replace originally cartilaginous parts. In the case of investing bones, 
centres of ossification also appear, in constant positions, in the fibrous tissue 
outside the cartilage: they may remain quite independent of the original 
cartilaginous skull and its replacing bones, so as to be readily removable by 
boiling or maceration; or they may eventually become, as it were, grafted 



Fig 62— A, diagram of bony skull in sagittal section; B t transverse section of occipital 
legion, (., of parietal region, D, of frontal region ; E, of ethmoidal region. Cartilaginous parts 
arc dotted, i cplacing bones are marked in tluc k type, investing bones m italics MrK, C Meckel's 
cartilage, A, i zo foramina for ceiebral nerves, r rostrum; s t sella turcica or pituitary 
fossa Replacing bones— ALJPH. alisplienoid , ART. articular, B.BR. basi bianchial, B.ET. 
Imsj hyal; B.OG. ba&i-ocupital, B.SPH. b.\si sphenoid , OJR. cerato branchial OAT. rciato- 
livil; SCJtUL ecto-ethmuid, BP JIB. cpi-branchial, BP AT. opi hyal, BT.OO. ex-ouipital, 
H.BB hypo branchial H.H 7 , hypo liyal; HYJL hyomaiirtibular, MATH, mcsethmoid, 
0 P.M. opisthotic' O B.S PH. orbito sphenoid; PAX. palatine PHJB. pharyngo branchial; 
PB.OT. pro-otic , PR.SPH. pre sphenoid , PTG. pterygoid QU. quadrate , S.OQ. snpra-mupital 
Investing bones DNI dentaiy, [ K frontal M\ maxilli N.i. nasal; PA. panotal, 

PA S PIT para sphenoid, PMX pietimiUa, S Q squamosal, VO, no vomer 

on to the cartilage, m which case all distinction between investing and replacing 
bones is lost in the adult. The investing bones are to be looked upon as por¬ 
tions of the exoskelcton which have retreated from the surface and acquired 
intimate relations with the eudoskeleton. 

The replacing bones have a very definite relation to the regions of the 
cartilaginous cranium. In the occipital region four bones arc formed, sur¬ 
rounding the foramen magnum: a median ventral basi-occipital (Fig. 62, A 
and B, B.OC.), paired lateral ex-otcipttals (EX.OC.), and a median dorsal 
supra-occtpital (S.OC.). In each auditory capsule three ossifications commonly 
appear: a pro-otic (A, PR.OT.) in front, an opisthotic (OP.OT.) behind, and an 
epi-otic (EP.OT.) over the arch of the posterior semicircular canal of the ear 


7 « 


ZOOLOGY 


(vide infra). In front of the basi-occipital a bone called the basi-sphenoid 
(/I and C, BAPH.) is formed in the floor of the skull: it appears in the position 
of the posterior ends of the trabecule, and bears on its upper or cranial surface 
a depression, the sella turcica {s.t .), for the reception of the pituitary body. 
Connected on either side with the basi-sphenoid are paired bones, the alt- 
sphenoids (ALAPH.), which help to furnish the side-walls of the interorbital 
region. The basi-sphenoid is continued forwards by another median bone, the 
pre-sphenoid (A and D, PAPH.) with which paired ossifications, the orbtio- 
sphenoids (ORBAPH.) are connected and complete the side-walls of the inter¬ 
orbital region. The basi-occipital, basi-sphenoid, and pre-sphenoid together 
form the basis cranii of the bony skull. A vertical plate of bone, the meseth- 
moid (H.ETH.), appears in the posterior portion of the cartilage of the same 
name, and the outer walls of the olfactory capsules may be ossified by paired 
ecto-ethmoids (E, EC.ETH.). 

So far, it will be seen, the cranial cavity has its hinder region alone roofed 
over by bone, viz. by the supra-occipital: for the rest of it the replacing bones 
furnish floor and side-walls only. This deficiency is made good by two pair*, 
of investing bones, the parietals {PA .), formed immediately in front of the supra- 
ocripital and usually articulating below with the ali-sphenoids, and the frontals 
( FR .), placed in front of the parietals, and often connected below with the 
orbito-sphenoids. A pair of nasals (NA .) are developed above the olfactory 
capsules and immediately in advance of the frontals; and below the base of 
the skull two important investing bones make their appearance, the vomer 
(i 10.) —which may be double—in front, and the para-sphenoid (PA.SPH.) 
behind. 

The result of the peculiar arrangement of replacing and investing bones 
just described is that the brain-case, in becoming ossified, acquires a kind of 
secondary segmentation, being clearly divisible in the higher groups, and 
especially in the Mammalia, into three quasi-segment*. These arc the occipital 
segment {B ) formed by the basi-occipital below, the ex-occipitals at the sides, 
and the supra-occipital above 1 ; the parietal segment (C), formed by the basi- 
sphenoid below, the ali-sphenoids laterally, and the parietals above; and the 
frontal segment (D), constituted by the pre-sphenoid below, the orbito-sphenoids 
on either side, and the frontals above. It must be observed that this segmenta¬ 
tion of the cranium is quite independent of the primary segmentation of the 
head, which is determined by the presence of myomeres and by the relations 
of the cerebral nerves. 

The cranial bones have constant relations to the cerebral nerves. The 
olfactory nerves {A, Nv. x) pass out one on either side of the mesethmoid, the 
optic nerves {Nv. s) through or immediately behind the orbito-sphenoids, 

1 With the occipital segment in many Fishes are amalgamated one or several of the most 
anterior vertebrae. 
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the fifth nerves (Nv. 5) through or immediately behind the ali-sphenoids, and 
the tenth nerve* (Nv. to) through or immediately in front of the ex-occipitals. 

It will be seen that a dear distinction can be drawn between the primary 
cranium, chondrocranium or neurocrantum formed by the fusion of the para- 
chordals, auditory capsules, and trabeculie, and consisting of an undivided 
mass of cartilage more or less replaced by bones, and the secondary cranium or 
osteocranium, modified by the super-addition of investing bones. 

A similar distinction may be drawn between the primary and secondary 



]■!(, 03 - -Diagram oi three stages in the development of the pelvic tins In A, the anterior 
pteivpofhorcs on the ught side (Bad ) have united to form a basal cartilage ); in B the 
hasaha ( lias) are lullv formed ami are uniting ut • to form tho pelvic girdle, m C the pelvic 
girdle (G.) ib fully constituted, and at f has segmented from the basale on the right side (l 
cloatal aperture (Fiom 'Wiederslieini's Comparative Anatomy ) 

jaws. The prunary upper jau , or palato-quadrate, becomes ossified by three 
chief replacing bones on each side, the palatine (A, PAL.) in front, then the 
pterygoid (PTG.), and the quadrate (QU.) behind, the latter furnishing the articula¬ 
tion for the lower jaw or mandible. In the higher classes the p rimar y upper 
jaw does not appear as a distinct cartilaginous structure, and the palatine 
and pterygoid are developed as investing bones. The secondary upper jaw 
is constituted by two pairs of investing bones, the pre-maxilla (P.MX.) and 
the maxilla (MX.), which in bony skulls furnish the actual anterior boundary 
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of the mouth, the primary jaw becoming altogether shut out of the gape. The 
proximal end of the primary lower jaw ossifies to form a replacing bone, the 
articular (ART.), by which the mandible is hinged: the rest of it remains as 
a slender, unossified Mechel's cartilage (Mck. f.), which may disappear entirely 
in the adult. The secondary lower jaw is formed by a variable number of 
investing bones, the most important of which is the dentary ( DNT .). In 



1<ig. 6^ -Right poctoial fins of A, CUdoaelaehe ; B, Cladodu ; C, PbnneanUins; D, a 
“ shark M , J£, Caratodni ; F, apimutive Actmoptcrygiau ; t * 9 .1 IVIeost J he dottrel lines suggest 
possible lines of functional evolution. 


Mammalia the dentary forms the entire mandible, and articulates, not with 
the quadrate, but with a large investing bone formed external to the latter, 
and known as the squamosal (SQ.). 

In the hyoid arch a replacing bone, the hyo-mandtbular (HY.M.), appears 
in the cartilage of the same name, and ossifications are also formed in the 
various segments of the hyoid cornua (EP.HY., C.HY., H.HY., B.HY.) and of 
the branchial arches (MLBR., BP.BR., C.BR., H.BR., BAB.). In the air- 
breathing forms both hyoid and branchial arches undergo more or less complete 
atrophy, the whole gill-bearing apparatus becoming reduced mainly to a small 
hyoid bone serving for the support of the tongue. 
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The skeleton of the median fins is termed of a single row of cartilaginous 
rays or pterygiophores (Fig. 63, C and DJ.r), lying in the median plane, and 
more numerous than the vertebra*. They may ossify, and may be supple* 
mooted by dermal fin-rays, of varying composition, developed in the derm 
towards the free margin of the fin. The latter are clearly exoskeletal structures. 

Both pectoral and pelvic fins are supported by pterygiophores or radialia 
(Fig. 63, Rad.), the basal or proximal ends of which are articulated with stout 
cartilages, the basalia (Bas .), often replaced by bones, which serve to strengthen 
the fin at its point of union with the trunk. 

The structure of the paired fins varies in different groups of fishes (Fig. 64). 
It is supposed that they arose from an originally continuous fold along each 
side of the body from which the fins became constricted. This view is to some 
extent supported by embryological evidence and by the condition of the paired 
fins of Cladoselache, which, being without a posterior notch, have the appear¬ 
ance of being the remains ot a previously continuous fin. The rows of spines 
on each side of the Acanthodians (Fig. 125) and of the agnatlious Anaspida 
(Fig. 99) are likewise suggestive of a continuous fold. When such a fin as 
that of Cladoselache (pleurorliacliic type) became free from the body-wall, 
it would consist of an axis of basalia and a fringe of radialia on the preaxial 
side. When more radials appeared on the jx>staxial side, as in Pleuracanthus, 
the fin reached the condition known as the arcliipterygium (mesorhachic type). 
This type of fin F also found in the Crossopterygians and Dipnoans. In the 
majority of Cbondryichthyes the fin has three basalia, termed the pro- meso- 
and meta-pterygium, respectively, and a number of radialia arranged around 
them. The fin of the l’olyptcrini has a somewhat similar appearance, though 
probably of a different origin. The Actinopterygii show a further modifica¬ 
tion, the basalia being lost and the radials reduced to small ossicles which lie 
within the body-wall, and not in the fin web. Besides the basals and radials, 
the fins are all strengthened in the free part by fin-rays, which are of several 
kinds: homy, fibrous or modified scales. 1 

In all classes above Fishes the paired fins arc, as we have seen, replaced by 
five-toed or peniadactyle limbs. These are supported by bones, probably 
to be looked upon as greatly modified pterygiophores. and obviously serially 
homologous in the fore- and hind-limbs. In the proximal division of each 
limb there is a single rod-like bone, the humerus (Fig. 65, HU.), or upper-arm- 
bone, in the fore-limb, the femur (Fig. 65, FE.) or thigh-bone, in the hind- 
limb. In the middle division there are two elongated bones, an anterior, the 
radius (RA.), and a posterior, the ulna (UL.), in the fore-limb; an anterior, 
the tibia (TL), and a posterior, the fibula (FI.), in the hind-limb. Next follow 
the bones of the hand and foot, which are again divisible into three sets: 
carpals or wrist-bones, meiacarpals (mtep.) or hand-bones, the phalanges 

1 See Goodrich. Vertebrate Craniate, 1909. 
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or finger-bones, in the fore-limb; tarsals Or ankle-bones, metatarsals 
(mtts.) or foot-bones, and phalanges (ph.) or toe-bones, in the hind-limb. 
The carpals and tarsals consist typically of three rows of small nodules of bone 
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Fig 65—'Diagrams of (A) tho pectoral and ( 1 <) pelvic girdles and (C) generalised hand and 
foot of a Tetrapod aotb. acetabulum; gt glenoid c avitv ; p, oar. pre-coracoid, MSP. scapula, 
OL clavicle; COR. coracoid; HU. humerus, of shoulder blade FB. femur, IL. ilium; O. 
ischium; PU. pubis, of pelvic girdle. Bones of the fore limb are underlined 

or cartilage, the proximal row containing three, the middle two, and the distal 
five elements. The three proximal carpals are called respectively radiale 
(ra.), intermedium (int.), and ulnare (ul.). those of the middle row the first an.' 
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second ceitiraUa (6D. 1, en. 2), those of the third row the five distalia (dat. 1-5), 
the separate dements being distinguished by numbers, counting from the 
anterior or radial edge of the limb. In the tarsus the bones of the first row are 
known respectively as tibialo (ti.), intermedium (Int), and fibulare (JL), those 
of the second row as central!a (en. 1, on. 2), and those of the third as distalia 
(dst 1 - 5 ). The metacarpals (mtep. 1 - 5 ) and metatarsals (mttl. 1 - 5 ) ane five 
rod-like bones, one articulating with each distale: they are followed by the 
phalanges (ph.), of which each digit may have from one to five. The first 
digit oi the fore-limb (Fig. 65, I) is distinguished as the pollex or thumb, 
that of the hind-limb (Fig. 65, 1) as the hallux or great toe; the fifth digit of 
each limb (L) is the minimus. 

In connection with the paired appendages are formed supporting structures 
called the limb-girdles; they occur in the portions of the trunk adjacent to 
the appendages and serve for the articulation of the latter. In the embryonic 
condition they are continuous with the basalia and arc probably to be looked 
upon as ingrowths of the primitive fin-skeleton (Fig. 63). The shoulder- 
girdle or pectoral arch has primarily the form or paired bars, which may unite 
in the middle ventral line so as to form an inverted arch. Each bar— i.e. 
each half of the arch—furnishes a concave or convex glenoid surface (Fig. 65, 
gl.) for the articulation of the pectoral fin or fore-limb, and is thereby divided 
into two portions- -a dorsal or scapular region, above the glenoid surface, and a 
ventral or coracoid region below it. The coracoid region is again divisible, in 
all classes above Fishes, into two portions: an anterior, the pro-coracoid 
(p. cor.), and a posterior, the coracoid proper. Each of these regions commonly 
ossifies—a replacing bone, the scapula (SCP.), appearing in the scapular region, 
another, the coracoid (COR.), in the coracoid region, while in relation with the 
pro-coracoid is formed a bone, the clavicle (( L), largely or entirely developed 
independently of pre-existing cartilage. 

The constitution of the hip-girdle, or pelvic arch, is veiy similar. It consists 
originally of paired bars, which may unite in the middle ventral line, and are 
divided by the acetabulum (Fig. 65, aclb.), the articular surface for the pelvic 
fin or hind-limb, into a dorsal or iliac region, and a ventral or pubo-ischiat 
region, the latter being again divisible, in all classes above Fishes, into an 
anterior portion, or pubis, and a posterior portion, or ischium. Each region 
is replaced in the higher forms by a bone, the pelvic girdle thu-. consisting of a 
dorsal ilium (IL.) serially homologous with the scapula, an antero-ventral 
pubis (PU.) with the pro-coracoid and clavicle, and a postero-ventral ischium 
(IS.) with the coracoid. The long bones of the limbs are divisible each into a 
shaft, and proximal and distal extremities. When ossification takes place the 
shaft is converted into a tubular bone, the caitilaginous axis Of which is ab¬ 
sorbed and replaced by a vascular fatty tissue called marrow. The extremities 
' become simply calcified in the lower forms, but in the higher a distinct centre 
voi.. it. <3 
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of ossification may appear in each, forming the epiphysis, which finally becomes 
ankylosed to the shaft. 

Digestive Organs. —The enteric canal is divisible into buccal cavity (Fig. 
57, A, buc. £.), pharynx {ph.), gullet, stomach (sf.), and intestine (int.), the latter 
often communicating with the exterior by a cloaca (cl.), which receives the 
urinary and genital ducts. The buccal cavity is developed from the stomodteum 
of the embryo: the proctodseum gives rise to a very small area in the neigh¬ 
bourhood of the anus, or, when a cloaca is present, to the external portion of 
the latter; all the rest of the canal is formed from the mesenteron, and is 
therefore lined by an epithelium of enrlodermal origin. The pharynx com¬ 
municates with the exterior, in Fishes and in the embryos of the higher forms, 
by the gill-slits (j. hr. a, 1-7); it communicates with the stomach by the gullet. 
The stomach (st) is usually bent upon itself in the form of a U; the intestine 
(int.) is generally more or less convoluted; hence the stomach and intestine 
are together considerably longer than the enclosing abdominal cavity. In 
the embryo the intestine is sometimes continued backwards into the haemal 
canal by an extension called the post-anal gut (p. a. g.), which may perhaps 
indicate that the anus has shifted forwaids in the course of evolution. 

The epithelium of the buccal cavity is usually many-layered, like lhat of 
the skin, of which it is developmentally an in-tumed portion; the pharynx 
and gullet have also a laminated epithelium, but the rest of the canal is lined by 
a single layer of cells underlaid by a layer of connective-tissue, the deeper 
part of which is called the sub-mucosa ; epithelium and connective-tissue to¬ 
gether constitute the mucous membrane. The mucous membrane of the sLomach 
and sometimes of the intestine usually contains close-seL tubular glands; 
those of the stomach, the gastric glands, secrete gastric juice, which acts upon 
the proteid portions of the food only; the secretion of the intestinal glands 
digests proteids, starch, and fats. Outside the mucous membrane are layers 
of unstriped muscle, usually an internal circular and an external longitudinal 
layer. Externally the intra-cudomic i>ortion of the canal is invested by 
peritoneum formed of a layer of connective-tissue next the gut and a single¬ 
layered ccdomic epithelium facing the body-cavity. 

In connection with the enteric canal certain very characteristic structures 
arc developed. In the mucous membrane of the mouth calcifications in most 
cases appear and form the teeth, which usually occur in a row along Ihe ridge 
of each jaw, but may be developed on the roof of the mouth, on the tongue, 
and even in the pharynx. A tooth is usually formed of three tissues— dentine, 
enamel, and cement. The main bulk of the tooth is made up of dentine (Fig. 
66, A, ZB), which occurs under three forms. Hard dentine consists of a 
matrix of animal matter strongly impregnated with lime-salts and permeated 
by delicate, more or less parallel, tubules containing organic fibrils. Vaso- 
dentine is permeated with blood-vessels, and consequently appears red and 
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moist in the fresh condition. Ohteo-UeiUitte approaches bone in its structure 
and mode of development. The free surface of the tooth is usually capped by 
a layer of enamel (f$),a dense substance, cither structureless or presenting 
a delicate fibrillation, containing not more than 3 to 5 per cent, of animal 
matter, and being, therefore, the hardest tissue in the body. The cement 
(ZC) coats that portion of the tooth which is embedded in the tissues of the 
jaw, and sometimes forms a thin layer over the enamel; it has practically the 
sti ucture of bone. At the inner end of the tooth there is frequently an aperture 
(PIP) leading into a cavity (PH) filled in the fresh condition by the tooth-pulp, 


B 



I<k. GO A, loiiRitiulin.il section of .1 looth scxm diagrammatic PI I, pulp-uivily, PH\ 
opening ol sai 111, /ti dentine, Zt , ceimnt, /S, enamel B, longitudinal section of developing 
t(M»th l\g, submutosa 1 ) S, dentine, \ht, invaginated layei ul enamel organ , MI , epithelium 
of mouth, O, odontoblasts, Sf v , stalk oi enamel organ, 7 k, tooth papilla (l*rum Wieder 
shcim's I rihbiuta ) 

a sort of connective-tissue plug abundantly supplied with nerves and blood¬ 
vessels. 

In the development ni a tooth (Fig. 66, B) the deep layer of the buccal 
epithelium becomes invaginated find grows inwards into the sub-mucosa in 
the form of a narrow cord, the enamel-organ (SK). The distal end of this 
enlarges into a flask-like form, and the bottom of the flask becomes invaginated 
(Ma) by the growth of a conical process of the sub-mucosa, the denial papula 
(ZK). Mesoderm cells accumulate on the free surface of the pa pilla and form 
a distinct layer of cells called odontoblasts ( 0 ) . From these the dentine is formed 
in successive layers, which gradually accumulate between the layer of odonto¬ 
blasts and the inner or invaginated layer of the enamel-organ. The lower, or 
VOL. 11. g* 
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proximal, part of the papilla remains uncaltilled and forms the tooth-pulp. 
The enamel is formed by the deposition of successive layers of calcific matter 
from the inner or invaginated layer of the enamel-organ, the cement by the 
ossification of the tissue immediately surrounding the papilla. Thus the tooth 
is portly of ectodermal, partly of mesodermal origin. 

In some Fishes the scales or elements of the dermal exoskeleton pass 
insensibly into the teeth over the ridges of the jaws, and agree with them in 
structure, so that there can be no doubt as to the homology of the two. Teeth 
are, in fact, to be looked upon as portions of the exoskeleton which have 
migrated from the skin into the buccal cavity, and even into the pharynx, 
and have there increased in size and assumed special functions. 

The tongue is a muscular elevation of the floor of the mouth, supported by 
the basi-hyai, and usually more or less protrusiblc. The roof of the buccal 
cavity in the embryo sends off a pouch, the pituitary diverticulum (Fig. 57, A, 
pty. 5.), which grows upwards, and, losing its connection with the mouth, 
becomes attached to the ventral surface of the brain as the pituitary body 
{pty. b.). It may correspond with the neural gland of Urodiorda. 

In terrestrial Craniata buccal glands are present, opening by ducts into the 
mouth: the most important of these are the racemose salivary glands, which 
secrete a digestive fluid— saliva, capable of converting starch into sugar. 
There are also two large and highly characteristic digestive glands in the 
abdominal cavity, both developed as outpusliings of the intestine, but differing 
greatly from one another in their fully developed state, both in outward 
appearance and in histological structure : these are the liver and the pancreas. 

The liver (Fig. 57, A, Ir.) is a dark-red organ of relatively immense size: 
it not only secretes a digestive juice, the bile, which has the function of emulsi¬ 
fying fats, but also forms an amyloid substance called glycogen or animal 
starrh, winch, after being stored up in the liver-cells, is restored to the blood 
in the form of sugar. The liver is formed of a mass of polyhedral cells 
(Fig. 67, l.) with minute intercellular spaces which receive the bile secreted 
from the cells and from which it passes to the ducts (ft.). The pancreas 
(Fig. 57, A, pn.) is a racemose gland, and secretes pancreatic juice wliich acts 
upon proteids, starch, and fats. The ducts of both glands usually open into 
the anterior end of the intestine: that of the liver ( b. d.) generally gives off a 
blind offshoot ending in a capacious dilatation, the gall-bladder {g. b.) in which 
the bile is stored. We thus have one or more hepatic ducts conveying the bile 
from the liver and meeting with a cystic duct from the gall-bladder, while from 
the junction a common bile-duct leads into the intestine. 

Another important and characteristic organ in the abdomen of Craniata 
is the spleen (spi.), a gland-like organ of variable size and shape, attached to 
the stomach by a fold of peritoneum, but having no duct. It is formed of a 
pulpy substance containing numerous red blood-corpuscles, many of them in 
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process of disintegration: dispersed through the pulp are masses of leucocytes 
which multiply and pass into the veins. 

Two other ductless glands are formed in connection with the enteric canal. 
The thyroid ( thd .) is developed as an outpushing of the floor of the pharynx 
which becomes shut off, and forms, in the adult, a gland-like organ of consider¬ 
able sue. Its final position varies considerably in the different classes. Tt 
has been compared with the endostyle of Tunicata and of Ampliioxus, which, 
as will be remembered, is an open groove on the ventral side of the pharynx. 
This view is supported by the condition of the parts in the larval Lamprey 
(see Cyclostomata). 

The thymus is developed from 
the epithelium of the dorsal ends 
of the gill-clefts: in the adult it 
may take the form of a number 
of separate gland-like bodies lying 
above the gills, or may be situated 
in the neck or even in the thorax. 

The thymus and thyroid, by virtue 
of internal secretions which they 
produce, and which mingle with 
the blood, control and modify the 
physiological condition of various 
organs and tissues with which they 
have no immediate anatomical 
connection. 

The whole mtra-abdoimnal portion of the enteric canal, as well as the 
liver, pancreas, spleen, and, indeed, all the abdominal viscera, arc supjjorted 
by folds of peritoneum, called by the general name of mesentery (Fig. 57, C, 
mes.) and having the usual relation to the parietal and visceral layers of the 
peritoneum. 

Two kmds of respiratory organs are found in Craniata: water-breathing 
organs or gills, and aii-breathing organs or lungs. 

Gills arise as a series of p.ured pouches of the phaiynx which extend out¬ 
wards, or towards the surface of the body, and finally open on the exterior 
by the gill-slits already noticed. Each giU-powh thus communicates with the 
pharynx by an internal (Fig (18), with the outside water by an external 
branchial aperture, and is separated fiom its predecessor and from its successor 
in the series by stout fibrous partitions, the miertmnchial septa (Fig 68, t. b. s.)» 
The mucous membiane forming the antenor and jiosterior walls of the pouches 
is raised up into a number of horizontal ridges, the branchial filaments {fir. J), 
which are abundantly supplied with blood. A current of water entering at 



bn* 07 I Ingram of stiui tun 1 of Iivoi h a 
small brant li of hepatir duct, //. its ultim*to 
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the month passes into the pharynx, thence by the internal gill-slits into the 
gill-pouches, and finally makes its way out by the external gill-slits, bathing 
the branchial filaments as it goes. The exchange of carbonic add for oxygen 
takes place in the blood-vessels of the branchial filaments, which are, there¬ 
fore, the actual organs of respiration. It will be noticed that the respiratory 
epithelium is endodermal, being derived from that of the pharynx, which, as 
we have seen, is a portion of the mesentcron. 



]<ib 68 —DiagiAmmAtiL horizontal section of the pharvngfeil itgion of a Craniate. On the 
left lire shown three gill pouches ((> P) with fixed branchial filaments (the lamellar t\pe) separ¬ 
ated by interbranchial septa (/ P S ) On the right are three gills showing stages in the evolution 
of the lilamcntar tjpc found in fishes other than the Chondnchthycs A, Ccratoditb, Ji, 
I i,\pem>er „ C , a Teleost 1 he nostril on the left side lrprcsents that or an EUbvnobranch 
The skeletal supporting elements are m block 

As already mentioned, the walls of the pharynx are supported by the 
visceral arches, which surround it like a series of int omplete hoops, each half- 
art h or visceral bar being embedded in the inner or pharyngeal side of an 
interbranchial septum Thus the visceial arches (v. b.) alternate with the gill- 
pouches, each being related to the posterior set of filaments of one pouch and 
the anterior set of the next. In the higher Fishes, such as the Trout or Cod, 
the interbranchial septa become reduced to narrow bars enclosing the visceral 
arches (right side of Fig. 68, C), with the result that a double set of free branchial 
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filaments springs from each visceral bar and constitutes what is called a single 
gill. Thus an entire gill or holobranch {hi. br.) is the morphological equivalent 
of two half-gills—(Aw. br.), cr sets of branchial filaments belonging 
to the adjacent sides of two consecutive gill-pouches. On the other hand, a 
gill-pouch is equivalent to the posterior hemibranch of one gill and the anterior 
hemibranch of its immediate successor. 

In some Amphibia water-breathing organs of a difierent kind are found. 
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Fig 69 —Diagrams illustrating the lung m fishes as seen from the left side A. primitive 
symmetrical airangemcnt, U, Polyptenn 5 C, Oerfttodui« D, Physostomatous Teleost, h. 
PhysodistiL Toleobt; a c alimentary canal, g. glottis, II left lung, rJ, nght Lung. (From 
Goodrich after Kerr. J (■, Zoology , 1921) 

These are the external giUs : they are developed as branched outgrowths of the 
body-wall in immediate relation with the gill-slits, and differ from the internal 
gills just described in having an ectodermal epithelium. 

Lungs (Fig. 57, A, Ig.) are found in all Craniata from the Dipnoi upwards 
They are developed as a hollow outpushing from the ventral wall of the 
embryonic fore-gut or anterior part of the enteric canal; this passes backwards 
and upwards, usually dividing into right and left divisions, and finally coining 
to lie in the dorsal region of the coelome. The inner surface of the single or 
double lung thus formed is raised into a more or less complex network of ridges 
so as to increase the surface of blood exposed to the action of the air; and, in 
the higher forms, the ridges, increasing in number and complexity, and uniting 
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with one another across Ihe lumen of the lung, convert it into a sponge-like 
structure. The respiratory epithelium is, of course, endodermal. Since the 
lungs are blind sacs, some contrivance is necessary for renewing the air con¬ 
tained in them : this is done cither by a process analogous to swallowing or by 
the contraction and relaxation of the muscles of the trunk. 

In “ bony ” Fishes there occurs, in the position occupied in air-breathers by 
the lungs, a structure called the air-bladder (Fig. 69), which contains gas, and 
serves as an organ of flotation. The air bladder, like the lungs, from a primi¬ 
tive form of which it is derived, is developed as an outgrowth of the fore-gut. 
It arises, however, with very few exceptions, from the dorsal instead of the 
ventral side of the gut. In many cases the air-bladder loses its connection 
with the pharynx and becomes a closed sac. The Chondrichthyes never at any 
period had an air bladder. Some teleosts have secondarily lost it. 

The blood-vascular system attains a far higher degree of complexity than 
in any of the groups previously studied: its essential features will be best 
understood by a general description of the circulatory organs of Fishes. 

The heart (Figs. 57 and 70) is a muscular organ contained in the pericardial 
cavity and composed of three chambers, the sinus venosits (s. v.), the atrium (aw.), 
and the ventricle (v.), which form a single longitudinal series, the hindmost, the 
sinus venosus, opening into the atrium, and the atrium into the ventricle. 
They do not, however, lie in a straight line, but in a zigzag fashion, so that the 
sinus and atrium are dorsal in position, the ventricle ventral. Usually a fourth 
chamber, the conus arteriosus (c. art.), is added in front of the ventricle. The 
various chambers are separated from one another by valvular apertures (Fig. 
71) which allow of the flow of blood in one direction only, vis. from behind 
forwards—that is, from sinus to atrium, atrium to ventricle, and ventricle to 
conus. The heart is made of striped muscle of a special kind—the only 
involuntary muscle in the body having this histological character—which is 
particularly thick and strong in the ventricle. It is lined internally by 
epithelium and covered externally by the visceral layer of the pericardium. 

Springing from the ventricle, or from the conus when that chamber is 
present, and passing directly forwards in the middle line below the gills, is a 
large, thick-walled, elastic blood-vessel, the ventral aorta (Figs. 57, B, and 
70, v. ao .). At its origin, which may be dilated to form a bnlbus arteriosus, 
are valves so disposed as to allow of the flow of blood in one direction only, 
viz. from the ventricle into the aorta. It gives off on each side a series of 
half-hoop-likc vessels, the afferent branchial arteries\ [a. hr. a.), one to each gill. 
These vessels ramify extensively, and their ultimate branches open into a 
network of microscopic tubes or capillaries (Fig. 71, G), having walls formed 
of a single layer of epithelial cells, which permeate the connective-tissue layer 
of the branchial filaments, and have therefore nothing between them and the 
surrounding water but the epithelium of the filaments. The blood, driven by 
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the contractions of the heart into the ventral aorta, is pumpedfinto these ' 
respiratory capillaries, and there exchanges its superfluous carbohic add for 
oxygen. It then passes from the capillaries into another set of vessels which 
join with one another, like the tributaries of a river, into larger and larger 
trunks, finally uniting in each gill, into an efferent branchial artery [e. br. a.). 
The efferent arteries of both sides pass upwards and discharge into a median 
longitudinal vessel, the dorsal aorta {d. ao.), situated immediately beneath the 
notochord or vertebral column. From this trunk, or from the efferent branchial 
arteries, numerous vessels, the systemic arteries, are given of! to all parts of the 
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Fig. 71 —Diagram illustrating the course of the uirulation m a Fish. Vessels containing 
aerated blood red, those containing non-aferated blood blue, lymphatic s black, li, capillaries of 
the body generally, E, of the enteric t anal; G, of the gills; K, of the kidneys; L, of the liver: 
T, of the tail. a. br. a . afferent branchial arteries; au. atrium; c. a. conus arteriosus; d. ao. 
dorsal aorta; e.br.a efferent branchial arteries; h.p. v. hepatic poital vein; h. /'.hepatic vein ; Ic. 
lactcals; ly. lymphatics; pr. cv. v piecaval veins, t f. v. renal poital veins; s. v. sinus venosus; 
r. ventricle; i>. ao. ventral aorta. The arrows show 1 he direction of the current (Prom Parker’s 
Elementary Biology.) 


body, the most important being the carotid arteries (Fig. 70, c. a.) to the head, 
the subclavian (scl, a.) to the pectoral fins, the cirliac (cl. a.) and mesenteric 
(ms. a.) to the stomach, intestine, liver, spleen, and pancreas, the renal ( r. a.) 
to the kidneys, the spermatic (sp. a.) or ovarian to the gonads, and the iliac 
(il. a.) to the pelvic fins. After giving off the last the aorta is continued as 
the caudal artery ( cd . a.) to the end of the tail. 

With the exception of the capillaries, all the vessels described in the pre¬ 
ceding paragraph, including the dorsal and ventral aortae, are arteries. They 
are firm, elastic tubes, do not collapse when empty, usually contain but little 
blood in the dead animal, and serve to carry the blood from the heart to the 
body generally. 

The systemic arteries branch and branch again into smaller and smaller 
trunks, and finally pour their blood into a capillary network (Fig. 71, B, K, 
and T) with which all the tissues of the body, except epithelium and cartilage, 
arc permeated. In these systemic capillaries the blood parts with its oxygen 
and nutrient constituents to the tissues, and receives from them the various. 
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products of destructive metabolism—carbonic add, water, and nitrogenous 
waste. The systemic, like the respiratory, capillaries are microscopic, and 
their walls are formed of a single layer of epithelial cells. 

We saw that the respiratory capillaries are in connection with two sets of 
vessels, afferent and efferent. The same applies to the systemic capillaries, 
with the important difference that their efferent vessels are not arteries, but 
thin-walled, non-elastic, collapsible tubes called veins. They receive the 
impute blood from the capillaries, and unite into larger and larger trunks, 
finally opening into one or other of the great veins, presently to be described, 
by which the blood is returned to the heart. As a general rule the vein of any 
part of the body runs parallel to its artery, from which it is at once distinguished 
by its wider calibre, by its dark colour -due to the contained bluish-purple 
blood seen through its thin walls, by being gorged with blood after death, by 
tlic complete collapse of its walls when empty, and by its usually containing 
valves. In some cases the veins become dilated into spacious cavities called 
sinuses ; but sinuses without proper walls, such as occur in many Invertebrates, 
are never found in the Craniata. 

The veins from the head join to form large, paired jugular veins (Fig. 70, 
j. v.) which pass backwards, one on each side of the head, and are joined by the 
cardinal vein', (crd. v.) coming from the tiunk, each jugular uniting with the 
corresponding cardinal to form a l.irge ptucaval vein ( pr . cv. v.) which passes 
directly downwards and enters the sinus venosus. The blood from the tail 
returns by a caudal vein ( id . v.), lying immediately below the caudal artery in 
the hdenial (anal of the caudal vertebrae (Fig. 57, />). On reaching the 
coelome the caudal vein folks horizontally, and the two branches either become 
directly continuous with the cardinals or pass one to each kidney under the 
name of the renal portal veins (Fig. 70, r. p. r.). In the kidueys they break up 
into capillaries (Fig. 71, K), their blood mingling with that brought by the 
renal arteries and being finally discharged into the cardinals by the renal veins 
(Fig. 70, r. v.). Thus the blood from the tail may either return directly to 
the heart in the normal manner or may go by way of the capillaries of the 
kidneys. In the latter case there is said to be a renal portal system, the essential 
characteristic of which is that the kidney lias a double blood-supply, one of 
pure blood fiom the renal artery, and one of impure blood from the renal 
portal vein; in other words, it has two afferent vessels, an artery and a vein, 
and the latter is further distinguished by the fact that it both begins and ends 
in capillaries instead of beginning in capillaries and ending in a vein of higher 
order. 

The blood from the gonads is returned to the cardinals by veins called 
spermatic (sp. v.) in the male, ovarian in the lemale. That from the paired fins 
takes, in what appears to be the most typical case, a somewhat curious course. 
On each side of the body there is a lateral vein ( lat . ».), running in the body-wall 
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and following the course of the embryonic ridge between the pectoral and 
pdvic fins. It receives, anteriorly, a subclavian vein (scl. v.) from the pectoral 
fin, and posteriorly an iliac vein (il, v.) from the pelvic fin, and in front pours its 
blood into the precaval. 

The veins from the stomach, intestine, spleen, and pancreas join to form 
a large hepatic portal vein (A. p. ».), which passes to the liver and there breaks 
up into capillaries, its blood mingling with that brought to the liver by the 
hepatic artery (A. a ), a branch of the coeliac. Thus the liver has a double blood- 
supply, receiving oxygenated blood by the hepatic artery, and non-oxygenated 
but food-laden blood by the hepatic portal vein (Fig. 71 L). In this way we 
have a hepatic portal system resembling the renal portal system both in the double 
blood-supply, and in the fact that the afferent vein terminates, as it originates, 
in capillaries. After circulating through the liver the blood is poured, by 
hepatic veins (A. v.), into the sinus venosus. The hepatic, unlike the renal 
portal system, is of universal occurrence in the Craniata. 

In the embryo there is a sub-intestinal vein, corresponding with that of 
Amphioxus, and lying beneath Ihe intestine and the post-anal gut. Its 
posterior portion becomes the caudal vein of the adult, its anterior portion one 
of the factors of the hepatic portal vein. 

To sum up:—The circulatory organs of the branchiate Craniata consist of 
(a) a muscular organ of propulsion, the heart, provided with valves and driving 
the blood into (A) a set of thick-walled elastic, afferent vessels, the arteries, from 
which it passes into (c) a network of microscopic vessels or capillaries which 
permeate the tissues, supplying them with oxygen and nutrient matters and 
receiving from them carbonic acid and other waste products: from the 
capillary network the blood is cairied off by (d) the veins, thin-walled, non¬ 
elastic tubes by which it is returned to the heart. Thus the general scheme of 
the circulation is simple: the arteries spring from the heart, or from arteries 
of a higher order, and end in capillaries; the veins begin in capillaries and end 
in vessels of a higher order or in the heart. Actuallv, however, the system is 
complicated (a) by the interposition of the gills in the course of the outgoing 
current, as a result of which we have arteries serving as both afferent and 
efferent vesseLs of the respiratory capillaries, the efferent arteries taking their 
origin in those capillaries after the manner of veins; and (b) by the inter¬ 
position of two important blood-purifying organs, the liver and the kidney, 
in the course of the returning current, as a result of which we have veins acting 
as both afferent and efferent vessels of the hepatic and renal capillaries, the 
afferent vessels of both organs ending in capillaries after the fashion of arteries. 

In the embryos of the higher, or air-breathing, Craniata, the circulatory 
organs agree in essentials with the above description, the most important 
difference being that, as no gills are present, the branches of the ventral aorta 
do not break up into capillaries, but pass directly into the dorsal aorta, forming 
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the aortic arches (Fig. 72, A(k). With the appearance of the lungs, however, .1 
very fundamental change occurs in the blood-system. The last aortic arch of 



each side gives oft a pulmonary artery (Fig. 74, 
Ap.) to the corresponding lung, and the blood, 
after circulating through the capillaries of that 
organ, is returned by a pulmonary vein (lr.), 
not into an ordinary systemic vein of higher 
order, but into the heart diiertly: there it 
enters the left side of the auricle, in which 
a vertical partition is developed, sepaiating a 
left auricle [A '), which receives the ntrated 
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1 if. 73 - Diagram of the lieoit A, in an Amphibian ; 
B, m a Crocodile. A, light auricle* l 1 left auntie, 
Ap pulmonary aitciy U pulmonary vein HA aortn 
audios, V ventricle V left \uiimle, i, 7 and h, 
Ve pie and post < avals (l 10111 Wn dashemi’s Vntf- 
hata ) 

blood from the lungs, from a right auntie (A), 
into which is poured the impure blood of the 
mous venosus. Lastly, in Crocodiles, Birds, 


Fig 79 - Di lgiam of the vast ulai 
system iu tlie embryo of an afr 
breathing Craniate, l dors.il aorta 
and auricle, Ah aoitu arches, Acd 
< andal artery, IU allantoic arteries 
Am vitelline arteries, It, ventral 


and Mammals (B) the ventricle also becomes 
divided into right and left chambers, and we 
get a four-chambered heart, having right and 
left auncles and right and left ventricles: at 


aorta, e, c' carotid aitenos, v the same time the conus arteriosus and sinus 

precaviu veins, It,, L iliac orients, , . . ...... 

in (aidinai veins, hi gdialefts , venosus cease to exist as distinct chambers. 


H 4 , S, S 1 roots of doisal aorta, S/*, 
subclavian artoncb, S l x subclavian 
veins, r ventiicle, VC . jugular 
vein, \ m vitelline veins (From 
Wiedersheim's Vertcbwta) 


The left auricle receives aerated blood from 
the lungs and passes it into the left ventricle, 
whence it is profiled through the system: the 


right auricle receives impure blood from tho 


system, and passes it into the right ventricle to be pumped into the lungs for 
afiration. Thus the tour-chambcrcd heart of the higher Vertebrata is quite a 
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different thing from that of a Fish: in the latter the four chambers—sinus 
veflosus, atrium, ventricle, and conus arteriosus—form a single longitudinal 
series, whereas in a Mammal, for instance, the four chambers constitute practic¬ 
al^ a double heart, there being no direct communication between the auricle 
and ventricle of the right side, or respiratory heart, and those of the left side, or 
systemic heart. The modifications undergone by the arteries and veins in the 
higher Vcrtebrata will be best considered under the various classes. 

It will be noticed that there is a sort of rough correspondence between the 
blood-vessels of Craniata and those of the higher Worms. The sub-intestinal 
vein, heart, and ventral aorta together form a ventral vessel, the dorsal aorta 
a dorsal vessel, and the aortic arches transverse or commissural vessels. The 
heart might thus be looked upon as a portion of an original ventral vessel, which 
has acquired strongly muscular walls, and performs the whole function of 

propelling the blood. But in making such a 
A B comparison it has to be borne in mind that the 

- *=>. _ direction of the current of the blood in the 

1 Craniata is exactly the opposite of that in 
B the Annulata. 

V w '»u The blood of Craniata is always red, and is 

Fig 74- Surface and wigc vipwi specially distinguished by the fact that the 

of red blood corpuscles of l>n>g (A) , r .. , 

and Man (fl) »u. nucleus. (From haemoglobin to Which it OWCS its colour IS not 
Parker's luoiogy.) dissolved in the plasma as in most red-blooded 

Invertebrates, but is confined to certain cells 
called red blood-corpuscles (Fig. 74), which occur floating in the plasma in 
addition to, and in far greater numbers than, the leucocytes. They usually 
have the form of flat oval discs (A), the centre bulged out by a large nucleus 
(nu.), but in Mammals (IS) they arc bi-concave, non-nucleated, and usually 
circular. The red corpuscles do not perform amoeboid movements. 

The colour of the blood varies with the amount of oxygen taken up by the 
haemoglobin. When thoroughly aerated it is of a bright scarlet colour, but 
assumes a bluish-purple hue after giving up its oxygen to the tissues. Owing 
to the fact that oxygenated blood is usually found in arteries, it is often spoken 
of as arterial blood, while the non-oxygenated, purple blood, being usually 
found in veins, is called venous. But it must not be forgotten that an artery, 
e.g„ the ventral aorta or the pulmonary artery, may contain venous blood, 
and a vein, e.g., the pulmonary vein, arterial blood. The distinction between 
the two classes of vessels docs not depend upon their contents, but upon their 
relation to the heart and the capillaries. 

In addition to the blood-vessels the circulatory system of Craniata contains 
lymph-vessels or lymphatics (Fig. 75, ly.). In most of the tissues there is a 
network of lymph-capillaries, interwoven with, but quite independent of, the 
blood-capillaries. From this network lymphatic vessels pass off, and finally 
discharge their contents into one or other of the veins. Many of the lower’ 
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Craniatd pos*e&s spacious lymph-sinuses surrounding the blood-vessels; and 
there are communications between the lymphatics attyi the codome by mean* 
of minute apertures or stomata. The lymphatics contain a fluid caltodb$wqftft, 
which is to all intents and purposes blood minus its red corpuscles. The lymph- 
plasma consists of the drainage from the tissues: it makes its way into the 
lymph capillaries, and thence into the lymphatics, which are all efferent 
vessels, conveying the fluid from the capillaries to the veins. Leucocytes are 
added to the plasma in bodies, called lymphatic glands, which occur in the 
course ol the vessels. Valves may be present to prevent any flow of lymph 
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1 Ju 75 - 1 )\ lgiAmmdtaal ciuss *>< ciiun nf spinal coxd l, postenoi funuulus j, avitrr 
latfidl funiculus 3, spinal gan^hnn of dorsal (stnsor>) root, ./, initial (motor) loot ?, trntr 
ianal, 6 antrum (ommisMiu, 7, vential motor cells; b, ventral motor cells, 9, later 
nucleus, jo, lonnecloi fibies 

towards the capillaries, and in some rases the flow oi the fluid is assisted by 
lymph-hearts, muscular dilatations in the course of certain of the vessels. The 
lymphatics of the intestine have an impoitant function in the absorption of 
fats, and are known as lacteal s (/c.). 

The Nmrvous System attains in the higher vertebrates a structural com¬ 
plexity and functional co-ordination which arc quite without parallel in the 
rest of the animal kingdom. As in other Chordata, it arises from a dorsal 
medullary groove ; the two edges of the groove fuse, forming a tube beneath them. 
This ectodermal tube sinks from the epidermis, becoming the longitudinal 
nerve-cord; its cavity is the neuroccrle or characteristic axial canal. 

So far the agreement with the lower Chordata is complete, but a funda¬ 
mental advance is seen in the fact that at an early period—before the closure 
of the medullary groove—the anterioi end of the longitudinal cord undergoes 
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a marked dilation and forms the rudiment of the brain, the rest becoming the 
spinal cord. Moreover, as growth goes on, a space appears in the mesoderm 
immediately surrounding the nervous system, and forms the neural or cerebro¬ 
spinal cavity already referred to (Fig. 57, c.s.c.), so that the longitudinal cord, 
instead of being solidly imbedded in mesoderm, lies in a well-marked and often 
spacious tube enclosed by the neural arches of the vertebrae, and in front by 
the cranium (Fig. 57, B-D). 

The spinal cord (Fig. 76) is a thick-walled cylinder, continuous in front 
with the brain. It is traversed from end to end by the neuroccele, here a 



Fir. 70 --lrdiib\ersp section o£ spinal cord r, ventral fiasuit 2, doisal finsure , j, central 
canal, 4, 5, bridges connecting grey matter of right and left sulcus, 6, 7, 8, -white matter, (j M 
doisal loot of spinal nerve; in, ventral root, a , b. dorsal horn of grev matter, r, Clarkes 
column; e ventral horn. (From Huxley's PA ybiology ) 

narrow central canal lined by a ciliated epithelium derived from the superficial 
layer of m-tumed ectodermal cells. The cord is made up of two kinds of 
tissue. Sutrounding the central canal, and having a A- or X-shaped transverse 
section, is the grey matter ; it contains the nerve-ccll nuclei and the synapses 
by which the nerve-impulses are passed on from one nerve-cell to the next. 
Superficial to the grey is the white matter, in which lie medullated nerve- 
fibres running longitudinally, and so connecting various levels of the cord. 
Besides the conducting cells, the nerve-cord contains innumerable piocesses of 
supporting cells. 

From the sides of the cord the spinal nerves are given off; one nerve is 
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given ofi to each aomite, so Lliat nonnally they arise in pairs. Each nerve 
runs out by two roots, a dorsal and a ventral. Each root arises from one of the 
horns of the grey matter, and the two mingle to form the trunk of the nerve, 
which emerges from the spinid canal usually between the arches of adjacent 
vertebra. Nerve-cells of the dorsal root conduct to the cord somatic sensory 
impulses from the skin and segmented mesoderm, and viscerosensory impulses 
from the unsegmented (lateral plate) mesoderm and from the derivatives of 
the endoderm. Impulses arc interrupted on the dorsal root by a synapse in 
the dorsal ganglion. The ventral root similarly is made up of visceral and 
somatic components, but it carries motor tracts from the cord: there is no 
ganglion. Although the ventral root never carries sensory fibres, the dorsal 
root may carry motor fibres. The visceral motor component separates lrom the 
trunk, near the origin of the latter, from two roots, and enters a sympathetic 
ganglion ; these ganglia are connected by paired longitudinal sympathetic 
trunks, which lie on each side of the aorta in the dorsal wall of the coelom. 
The post-ganglionic fibres may pass directly out from the ganglion to their 
terminations, or tun some way along the sympathetic trunk lirst. The visceral 
motor system runs to the viscera, blood-vessels, etc., with the viscero-sensory 
system: the two together arc termed the sympathetic system; the viscero¬ 
motor alone is termed the autonomic system. The somatic motor fibres run 
directly to theii terminations, instead of l assing on the impulses to another 
nerve-cell at a synapse in a ganglion, as do the other components. 

As already mentioned, the anterior end of the embryonic nervous system 
undergoes, at a very early period, a maiked dilation, and becomes distinguished 
as the brain (Fig. 77). Constrictions appear in the dilated part and divide it 
into three bulb-like swellings or vesicles, the fore-brain (A, f.b.), mid-brain 
(m.b.) and hind-brain ( 7 i.ii.). The foic-bruin then becomes divided into a 
telencephalon anteriorly aud a dieniephalon jxisteriorly; the mid-brain is 
unaltered, and is termed the mesencephalon; a commissure, on the anterior 
dorsal area of the bind-brain, the lerebellim , bi-coincs so enlarged as to torm 
virtually another division oi the brain in most vertebrates, and the remainder 
of the hind-brain is termed the myelencephalon or medulla oblongata. Addi¬ 
tional constrictions appear in the medulla oblongata, giving it a segmented 
api>earance; but they disappear as development proceeds, and, whatever may 
be their significance, they have nothing to do wilh the main divisions of the 
adult organ. The original cavity of the brain becomes correspondingly divided 
iuto communicating chambers or ventricles. 

The chief divisions are the first, third, and fourth ventricles, which are 
respectively in the telencephalon, dicnrcphalon, and medulla. 

In some Fishes the brain consists throughout life of these five divisions 
only, but in most cases the prosencephalon grows out into paired lobes, the 
right and left cerebral hemispheres (I-L, c.h.), each containing a cavity, the 
lateral ventricle, which communicates with the third ventricle (3) by a narrow 
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passage, the foremen of Monro [f. m.). Moreover, each hemisphere gives off a 
forward prolongation, the olfactory bulb. In the embryo of some forms there 
is a median unpaired olfactory bulb, like that of Amphioxus. The part of the 
cere br al hemisphere with which the olfactory bulb is immediately related is 
the olfactory lobe [olf. 1.). 

The brain undergoes further complications by the unequal thickening of 
its walls. In the medulla oblongata the floor becomes greatly thickened 
[D, H, K), while the roof remains thin, consisting of a single layer of epithelial 
cells, assuming the character therefore of a purely non-nervous epithelial layer 
[ependyme). In the cerebellum the thickening takes place to such an extent 
that the epicoele is usually obliterated altogether. In the mid-brain the 
ventral wall is thickened in the form of two longitudinal bands, the crura 
cerebri (cr. crb.), the dorsal wall in the form of paired oval swellings, the optic 
lobes [opt. 1.) : extensions of the ncurocoele into the latter form the optic 
ventricles [G, opt. v.): the median portion of the mid-brain ventricle is then 
called the Her [l.) or aqued uct of Sylvius. In the diencephalon the sides become 
thickened, forming paired massesTthe optic thalami [D, F, o. th.), the roof 
remains for the most part in the condition of a thin membrane (ependyme) 
composed of a single layer of cells, but part of it gives rise to a very peculiar 
adjunct of the brain, the pineal apparatus . This originates as an outgrowth, 
which consists typically of two narrow diverticula, one in front of the other, 
the anterior being the parietal organ, the posterior the pineal organ or epiphysis : 
these two parts may be developed independently, or the latter may originate 
by outgrowth from the former. The parietal organ in the Lampreys and some 
Reptiles develops an cye-hke organ, the pineal eye (pn. e.) at its extremity, but 
is vestigal or absent in most other Vertebrates. The epiphysis is eye-like 
[parapineal eye) only in Lampreys; in other Vertebrates it is represented by a 
gland-like structure, the pineal body [pn. b.), connected by a hollow or solid 
stalk with the roof of the diencephalon. The term paraphysis is applied to a 
non-nervous outgrowth of the roof of the fore-brain developed in front of the 
epiphysis in the hinder region of the prosencephalon. The floor of the 
diencephalon grows downwards into a funnel-like prolongation, the infundi¬ 
bulum [inf.): with this the pituitary diverticulum of the pharynx (p. 84) 
comes into relation, and there is formed, partly from the dilated end of the 
diverticulum, partly from the extremity of the infundibulum, a gland-like 
structure, the pituitary body or hypophysis [pt .), always situated immediately 
in front of the anterior extremity of the notochord and between the diverging 
posterior ends of the trabeculae. The hypophysis in higher Craniates appears 
to be of the nature of a ductless, internally secreting gland. In lower Craniata 
it consists of two distinct glandular parts, the one (socotf vascu/osus) situated 
more docsally and framed as an outgrowth of the infundibulum, the other 
[hypophysis proper) ventral and arising from the pharyngeal diverticulum. 

The telencephalon grows forward above the lamina tcrminalis, which lies 
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at the front end of the diencephalon and is the true anterior termination of the 
nerve-cord. Typically the telencephalon begins as a tube with thick lateral 
walls of nervous tissue and thin dorsal and ventral non-nervous walls 
(Fig 77 a i ) In most vertebrates the bulging out of the growing lateral 
walls enlarges the cavity of the ventricle, leaving a narrow membranous area 
dorsally and ventrally, which is soon largely obscured by transverse commissures 
(Fig 77a 2) During the further expansion of the telencephalon, there is a 
fusion of the mtumed dorsal and ventral edges of each lateral wall, thus forming 
two cerebral hemispheres out of the unpaired end-brain vesicle (Fig 77a 3). 
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But in some fishes, especially teleosts, the dorsal part of the lateral wall, the 
pallium, grows outwards and downwards over the thickened ventral lateral 
wall (Fig 77 a 4) In the teleosts this is carried so far that it forms a solid 
mass lying over the ventral part of the lateral wall. The roof of the ventricle 
is now formed by a huge expansion of the dorsal non-nervous wall uniting the 
medial edges of the pallium * (Fig 77a 5) 

In the preceding description the brain has been described as if its parts 
were in one horizontal plane, but, as a matter of fact, at a very early period 
of development the anterior part becomes bent down over the end of the noto- 

* It has also been held that the non nervous roof of teleosts is developed by a degeneration of 
a part or the whole of the pallium, the teleort brain and the typical brain differ so greatly that it 
M difficult to determine such questions of homology, but the investigatois who have studied the 
tee-brain tracts have generally agreed that the teleost pallium is everted dorsally while the 
typical pallium ib introverted dorsally 
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chord, so lhat the whole organ assumes a letort-shape, the axis oi the fore-brain 
being strongly inclined to that of the hind-brain. The bend is known as the 
cerebral flexure : it is really permanent, but, as the hemispheres grow forward 
parallel to the hind-brain and the floor of the inid- and hind-brain thickens, it 
becomes obscure, and is not noticeable in the adult. 

The brain, like the spinal cord, is composed of grey and white matter, but 
the grey matter either forms a thin superficial layer or cortex, as in the hemi¬ 
spheres and cerebellum, or occurs as ganglionic masses surrounded by white 
matter. 

The whole cercbro-spinal cavity is lined with a tough membrane, the dura 
mater, and both brain and spinal cord axe covered by a more delicate invest¬ 
ment, the pia mater : the space between the two contains a serous fluid. In 
the higher forms there is a delicate arachnoid membrane outside the pia, and in 
many cases the regions of the pia in immediate contact with the thin epithelial 
roofs of the diencephalon and medulla become greatly thickened and very 
vascular, forming in each case what is known as a choroid plexus. 

From the brain are given off the cranial or cerebral nerves. They are 
referred to as Nerves I—XII, as if they were a single series. This nomenclature 
is convenient, but has only a topographic basis. 

The majority of cranial nerves are each related to a particular myotome, 
and in primitive and embryonic forms are segmentally arranged. They 
contain components each having a functional unity. These segmental cranial 
nerves therefore develop in a manner essentially similar to the spinal nerves. 
But there are other cranial nervei which probably are not related to particular 
myotomes. 

The specialisation in the front end of vertebrates has made it difficult to 
recognise the primitive arrangement of cranial nerves. They are obscured by 
the growth, dorsally, of the brain and organs of special sen^e, and by the 
growth, vcntrally, ot the jaws and other visceral arches. It is important to 
remember that the segmentation of this visceral region is secondary, and 
therefore does not necessarilv correspond to the fundamental segmentation of 
the head-somites. 

A typical segmental cranial nerve contains the following components:— 
dorsal root: 


somatic sensory 
viscerosensory 
special viscerosensory 
viscero-motor 
special viscero-motor 

ventral root: 
somatic motor 


from skin and muscle. 

from cndodcrmal surfaces, visceral muscle, etc. 
from organs of taste, 
to blood-vessels, visceral muscle, etc. 
to jaw and visceral arch musculature which 
has become striped and voluntary. 

to cranial somites. 
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The confining of the viscero-motor component to the dorsal root is 
parallel to the condition in all somites of Amphioxus, and may well be 
primitive. 

The nerves supplying the acoustico 4 ateral system are usually included in 
tables of cranial nerve components as the special somatic sensory component; 
this is a controversial matter, which is discussed below. 

The origin from the brain, the peripheral termination, and function of the 
cranial nerves will now be described, beginning anteriorly (Fig. 78). Hie 
acoustico-lateral system will be dealt with separately. 

The OUaetory Nerve (I).—A special sensory system running from the 
olfactory epithelium of the olfactory sac on each side, as a number of groups 
of fibres, the fila olfactoria, to the olfactory bulb. The olfactory tract is not 
a nerve, but a hollow outgrowth from the brain. 

In the nose of many air-breathing vertebrates, a special region of the 
olfactory sac is developed as the votncro-nasal organ, or organ of Jacobson ; it 
is innervated by a special branch of the olfactory nerve, for which in some 
forms there is a special development of the olfactory bulb. 

The nervus tenninalis conveys sensory impulses iroin the skin and blood¬ 
vessels in the region medial to the olfactory bulbs. Its fibres run into the 
end-brain, and can be traced a long way posteriorly within the brain. 

The Optic Nerve (II).—This is not a true nerve, but a hollow outgrowth 
of the wall of the first primary vesicle from the ehiasma in the ventral region 
of the diencephalon just in front of the infundibulum. Its nerve-cells run 
from the retina into the brain. 

The Oculomotor Nerve (III). - A motor nerve arising in the floor of the mid- 
brain to supply the inferior oblique and the inferior, internal, and superior 
rectus muscles ol the eye. With this nerve run some visceral motor fibres 
through the ciliary ganglion which innervate the muscles of the ciliary process 
and iris forming the mechanism for accommodation of the lens and contraction 
of the pupil. 

The Trochlear or Pathetic Nerve (IV).—A motor nerve arising from the 
floor of the mid-brain behind the oculomotpr to supply the superior oblique 
muscle of the eye. 

The Trigeminal Nerve (V). - This large nerve arises from the side cither of 
the medulla or of the pons in close contact not only with the roots of the seventh 
nerve, but also with some large tracts of the acoustico-lateralis system. It 
is therefore difficult to dissociate the parts of this complex without examining 
microscopic sections. 

The fifth nerve, soon after leaving the brain, enters the trigeminal or 
Gasserian ganglion. There are three main branches of the true trigeminal 
nerve, of which two are somatic sensory in function and the third is both sensory 
and motor. Above the origin of the true trigeminal nerve, the profundus 
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nerve runs out from the profundus ganglion; it is frequently included in 
descriptions of the trigeminal nerve, as the ramus ophthalmicus profundus. It 
has two branches: one runs forward over the eye and is somatic sensory; 
the other joins the oculomotor nerve. 

The trigeminal proper sends one branch above the eye, the ramus ophthalm¬ 
icus superficial*! ; it sends one branch below the eye, the ramus maxillaris. 
The third main branch runs to the lower jaw as the mandibular branch. It 
has somatic sensory and viscero-motor fibres: the latter may be termed the 
masticator nerve. 

The Abducent Nerve (VI).—A purely motor nerve arising from a column 
of cells in line with the nuclei of the oculomotor and trochlear nerves. It 
supplies the external rectus muscle and, in some forms, the retractor bulbte. 

The Facial Nerve (VII).—This is the first of the branchial nerves. The 
rami of each branchial nerve follow very similar courses. In Cyclostomcs, 
each nerve has a branch to the dorsal skin area, a branch to the pharynx, 
and a branch to a gill-arch: these have, respectively, somatic sensory, 
viscero-sensory, and combined somatic and viscero-sensory and viscero-motor 
components. 

In Gnathostomes, the somatic sensory components, and with them the 
dorsal branch, are reduced or absent; on the other hand, each nerve sends a 
new branch, the pre-trematic, to the gill-arch next in front. Typically, there 
is now a pharyngeal, one or more pre-trematics, and one or more post-trematics. 
All three divisions carry viscero-sensory fibres, but there is also a viscero-motor 
component in the post-trematic. 

The facial nerve arises from the geniculate ganglion. Its pharyngeal branch, 
the palatine, runs above the palato-quadrate bar. The pre-trematic, or pre- 
spiracular, supplies the lower jaw in fishes, but appears to be reduced in 
tetrapods. 

The post-trematic, or hyoinandibular, is in two main parts. An anterior 
branch (interior mandibular of fishes, inferior mandibular of amphibia and 
reptiles) also supplies the lower jaw: it is this branch which is usually believed 
to have become the chorda tympani of mammals. 

The posterior post-trematic ( hyoidean or jugular nerve) carries the viscero¬ 
motor component. 

In mammals the facial nerve is mainly motor in function, serving the 
muscles of the hyoid arch, the platysma, and muscles of facial expression. 
The sensory part consists of the chorda tympani, containing fibres to the 
anterior two-tliirds of the tongue and secretory fibres to the salivary glands 
of the mucous membrane of the snout. In the higher mammals the gustatory 
area and the territory supplied by the sensory roots of the facial nerve have 
been considerably reduced, so that, as compared with a fish, the sensory function 
is smaller in extent than the motor. 
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The Auditory Nerve (VIII).—This is held to be a part of the acoustico- 
lateral system. 

The Glossopharyngeal Nerve (IX).—Tins nerve runs out under the auditory 
capsule from a ganglion which is distinct in lower forms, but closely apposed 
to that of the tenth in higher groups. Peripherally it is a typical branchial 
nerve. Except in Elasmobranchs, it is usually connected to the seventh nerve 
by an anastomosis of viscero-scnsory fibres ( Jacobson’s anastomosis). 

The Vagus or Pneumogastrie Nerve (X). —A very large nerve arising from 
the medulla by several roots. From it are given off nerves to the remaining 
gills, each nerve dividing into three branches which behave just like those of 
the ninth nerve. The nerve then continues down the body as the visceral 
branch to the oesophagus, stomach, heart, and swim-bladder or lung. 

The Spinal Accessory (XI).—This is part a of the vagus in fishes, but becomes 
a separate nerve in higher forms. In mammals its anterior or vagal portion 
supplies the muscles of the larynx (the recurrent laryngeal nerve), and its 
posterior or spinal part runs to the muscles of the neck. 

The Hypoglossal Nerve (XII).—This nerve arises from the ventral aspect of 
the medulla in the manner of a ventral motor root of a spinal nerve. It is 
purely motor in function, and supplies the muscles of the tongue and occasion¬ 
ally certain neck-musclcs. In the amphibia its place is taken by the most 
anterior root of the second cervical, the first cervical being suppressed. In 
the higher mammals the nerve arises by two or more rootlets from the ventral 
side of the posterior portion of the medulla, and supplies the muscles of the 
tongue. It is formed by the fusion of roots from three or more precervical 
segments. 

We may now consider the relation between the nerves and the somites. 

Examination of primitive types has shown to which somite each segmental 
cranial nerve belongs, and h.is demonstrated that each head-somite has primi¬ 
tively a separate nerve-supply of all four components. This can be seen from 
the table on next page. 

As the table suggests, it is extremely probable that the oculomotor, troch¬ 
lear, and abducent hypoglossal nerves are the ventral roots to the first, second, 
and third somites respectively, and that the profundus, trigeminal, facial, and 
glosso-pharyngeal are the dorsal roots from the first, second, third, and fourth 
somites. 

In Petromyzon, the dorsal and ventral roots of somites immediately follow¬ 
ing the fifth are almost normally developed. The hypoglossal is formed in 
Petromyzon by a peripheral anastomosis of the somatic motor roots of the 
somites above the posterior end of the branchial region. The vagus, however, 
still supplies the visceral components to all the gill-openings behind the first. 

The segmental system in the head is obscured in vertebrates more 
advanced than selachians, because each component tends to be especially 
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developed in one or two roots and to disappear in the rest. Thus the somatic 
sensory component of the trigeminal comes to supply the skin of most of the 
head, add to be correspondingly reduced in other cranial nerves. 

Table showing the Relation between Segmental Nerves and 

Somites of the Head 


N/- 7 fl L 
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if.ps.ifn, indicate the present e id somatu sensory, visceio sensory, viscera motor, 

and somatic motor components, respectively 1 he table is a statement of the lesults of uork by 
J. B Johnston, Norris and Hughes, and J l. Young among more recent investigator*. 

The two special visceral components are developed from normal visceral components in some 
segmqpts and therefore are not specially mentioned in the table. 

See Johnston, J, B , Morph . fahrb ., vol. 34, 11)05 pp 149-205 Norris, H. W., and Hughes, 
Sally B„ fount. Comp Nruiol., vol 31, 1920, pp 293-404, \uung, J. 7 , Q J . Mtcr Set, 
1931 . pp. 491 - 53 * ■ 1933 . PP- 57 i“ta 4 - 
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Some special points can now be considered. 

J. Z. Young lias pointed out that the viscero-motor component only runs 
out with the ventral root in cases where the dorsal and ventral roots coalesce 
peripherally—that is, in the first cranial somite and & the spinal roots of 
Gnathostomes. Where the roots remain separate, as in somites after the first 
in the vertebrate head, the visccro-motor component runs out with the dorsal 
root. This condition is found in all somites of Amphiqxus, and is probably 
primitive, as has been said. 

The number of segments which compose a vertebrate “ head," and include 
the cranial nerves, is not the same throughout. It varies from four in the 
Cydostomes to ninein some Elasmobranchs, six in modem Amphibia, and eight 
in Reptiles, Birds, and Mammals. Since modem Amphibia have only ten 
intracranial nerves, while some fossil forms had twelve, it is possible that the 
head of modem Amphibia has been secondarily reduced. 

If the dorsal roots of the head are held to be primitively intersegmental— 
which seems to be the condition in the trunk—then the norvus terminalis might 
be considered the dorsal root in front of the first somite. The other dorsal 
roots would then belong to the intersegment behind the somite to which 
they run. 

Tre Acoustigo-Lai eral System. —This consists of the lateral-line, 
vestibular, and auditory nerves; the two latter are believed to be special 
developments of the lateral-line system. 

The lateralis nerves are confined to the Agnatha, the fishes, and water¬ 
living Amphibia. They arise from two roots, one abov e the seventh nerve . 
and the o ther abovtT the njj nth and tenth nerves. Outside the brain they 
enter distinct lateralis ganglia. 

Peripherally, they are closely associated with some branch of the somatic 
sensory system, where there is one available. Stensib has shown, in the fossil 
Cyclostome Cephalaspis, that the lateralis nerves only joined segmental com¬ 
ponents some distance from the central nervous system. 

In the embryo it is found that the placodes which give rise to the lateralis 
nerves differ in position from those giving rise to all other sensory components, 
it is stated, however, that the lateralis placodes are at first segmental in 
position. 

It seems therefore reasonable to consider the lateralis system as a special 
somatic sensory component of the head; but it remains doubtful whether this 
component develops in relation to the somites, or is primitively separate from 
the segmental cranial nerves. 

If the lateralis system is regarded as segmental, the superficial ophthalmic 
and buccal branches are considered an extension from the seventh nerve. All 
other lateralis branches are held to be components of the segmental nerves 
which they accompany from the brain (see Fig. 79). 
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I. Diagrams showing the relation of tlie lateral-line canal to the scales on the body of Pena 
ftuviahlis A, longitudinal section, B t scales and canal seen in side view a budge of scale 
< ovenng the canal f a s anterior region of scale, ei>. epidermis, l c, lateral line canal, / n lateral- 
line nerve, n nerve to sense organ, op. external opening of canal; p t postenor edge of scale, 
s.o sense organ in canal. 

II Diagram of the head of Anna calva showing the sjstera of lateral-lme canals and their 
nerve supply (from Allis), b. buccal branch of facial nerve, § dorsal branch of glossopharyngeal ( 
h hyomandibular branch of facial f ll lateral line of trunk, l v. lateral-lino of vagus r md. man¬ 
dibular canal, 0 c occipital canal, p. pit oigans on body, po postorbital < anal, ps pit organs 
on the head kob. sub orbital canal, s.o.f superior ophthalmic branch of lacial. t temporal 
canal. 
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Sympathetic System of the Head*— In Petromyzon a longitudinal sympa¬ 
thetic cord connects the seventh and tenth visceral sensory components; it 
then runs back above the branchial legion. In Selachians there it no such 
longitudinal connection. In some Teleosts there is a direct connection between 
both visceral components of each cranial segment; it runs to all dorsal roots 
and to the oculomotor nerve. I11 Tetrapods also the cranial sympathetic 
nerves become linked up, but not in so direct a fashion. Presumably the 
longitudinal connections have been achieved independently in the three 
cases. 

Ill rf, 



Ik. 7 *S 

111 Dentil \iew uf PtonpluUva ttutmunmi showing the great development of the lateral lint 
01 gam m this species di endolymphatic, openings, p\ pectoral bn , plv, pelvic fin, sc spmr 
*p spuaclc. (luum Ooodnrh, Vertebrata Cramata, iqoo) 

Sensory Organs. —The whole surface of the body forms an organ of touch, 
but special tactile organs arc more or less widely distnbuted. End-buds con¬ 
sist of ovoidal groups of sensory cells supplied by a special nerve: touch-cells 
(Fig 80, A) are nerve-cells occumng in the dermis at the termination of a 
sensory nerve: touch-corptiscles (B) are formed of an ovoidal mass of connec¬ 
tive-tissue containing a ramified nerve, the terminal branches of which end 
in touch-cells: Pauman corpuscles (() consist of a terminal nerve-branch 
surrounded by a complex laminated sheath 1 ouch-corpuscles and Pacinian 
bodies are found only in the higher forms. 

In Fishes, characteristic sense-organs arc present, known as the neuromast- 
organs or organs oj the lateral-line. Extending along the sides of the trunk 
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and tail is a longitudinal streak, due to the presence either of an open groove 
or of a tube sunk in the epidermis, and continued on to the head in the form 
of branching grooves or canals {Fig. 79). These organs, and also certain 



Fig 80.—A. tactile spot from skin of Frag. a. touch-crlls, b cpideimu, N, nerve. B a 
tactile corpuscle from dermal papilla of human hand, a . ionncctive-tis&ue investment, b. 
touch-cells; n, n\ n"> nerve. 0. Pacinian corpuscle from back of Dock. A, A 1 , neuraxis, 
JK. cential knob and surrounding cells ( L, Q. investing layers, Nh f medullary sheath of nerve- 
fibre (Fiom Wiedersheim's Vertebrate) 


others in the form ot pits or of unbranched canals, are lined with epithelium, 
some of the cells of which are arranged in groups, the neuromasts, and 
have the form characteristic of sensory cells produced at their free ends 
into hair-like processes: they aie innervated by the lateral nerve, and in 

the head, by the seventh and 
.sometimes also the ninth nerve. 
At their first appearance in the 
embryo the organs of the lateral 
line are distinct, segmentally- 
arranged patches of sensory epi¬ 
thelium in intimate connection 
with the ganglia of the third, 
fifth, seventh, ninth, and tenth 



Fig. 8i .—A t vertical section of one of the papill* 
of the tongue of a M*"™ 1 d sub-mucosa; e. epi¬ 
thelium ; u. nerve-fibres; /. taste buds. h t two 
taste-buds, c, covering cells shown in lower bud, 
d sub-mucosa; *. epithelium of tongue; m, sensory 
processes, internal sensory cells shown m upper 
bud. (From Foster and Shore's Physiology.) 


nerves. Cutaneous sense-organs 
of the lateral-line system, having 
at first a metameric arran^c- 

Amphibia. 



PHYLUM CHORDATA 


in 


The function of the neuromast-organs lia* been shown 16 be io enable the 
animal to detect vibrations in the water of too low a frequency to form a sound 
capable of perception by the ear, 

The sense of taste has for its special organs taste-buds (Fig. 8i), similar 
in general character to the end-buds in the skin, and composed of groups of 
narrow rod-shaped cells. In Fishes these are widely distributed in the mouth 
and branchial cavities, also on the outer surface of the head, and in some 
Fishes over almost the whole surface of the body. In higher Craniates they 



bi<. 82 -Lpithclial 
«ells of olfeu toi y mui uus 
membrane A, of Lam- 

r r; of Salamander. 

interstitial cells 17. 
olfactory cclh (from 
Wiedcishtf im s \ tttr 
brata) 



fiG — DiagiammatiL lionzontal section 

of the i\e of Ilia, e . coined C h choroid 
(dotted) f F ciliary processes e c epi- 
ihebum of coiuoa* e cj t onjunetivd, jo 
yellow '■pot, / ins, L lens, 0 N optic 
nen<, os ora semta, 0 —x optic axis, 
p c H antenoi non-visual portion of retina, 
I 1 L pigmented epithelium (black), i? ietma, 
<?/> / suspensory ligament St/ sderotu , V }! 
\ilieous chamber (1 rum I osttr and Shore *» 
Ph\ s inlogy ) 


are chiefly confined to the epithelium of the tongue and soft palate, and are 
supplied mainly by branches of the glossopharyngeal. 

The olfactory organ is typically a sac-like invagination of the skin of the 
snout, anterior to the mouth, and communicating with the exterior by an 
aperture, the external nostril. It is paired in all Craniata, except Cyclostomes, 
in which there is a single olfactory sac, supplied, however, by paired olfactory 
nerves. The sac is lined by the olfactory mucous membrane or Schneiderian 
membrane, the epithelium of which contains peculiar, elongated sensory rally 
(Fig. 82), their free ends often produced into hair-like processes. In the 
Dipnoi and all liigher groups the posterior end of each sac communicates with 
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the cavity of the mouth by an aperture called the posterior nostril, and an 
analogous communication occurs in the case of the unpaired organ of the 
Hags {vide p. 142). 

In many air-breathing Vertebrates there is formed an offshoot from the 
olfactory organ, which, becoming separated, forms a distinct sac lined with 
olfactory epithelium and opening into the mouth. This is Jacobson's organ : 
it is supplied by the olfactory and trigeminal nerves. 

The paired eye is a more or less globular structure, lying in the orbit, and 
covered externally by a thick coat of cartilage or of dense fibrous tissue, the 
optic capsule or sclerotic (Fig. 83, Scl.). On the outer or exposed portion of 
the eye the sclerotic is replaced by a transparent membrane, the cornea (c.), 
formed of a peculiar variety of connective-tissue, and covered on both its outer 
and inner faces by a layer of epithelium. The whole external coat of the 
eye has thus the character of an opaque spherical case—the sclerotic, having 
a circular hole cut in one side of it and fitted with a transparent window, the 
cornea. The curvature of the cornea is not the same as that of the sclerotic; 
the former is almost flat in Fishes, but bulges outwards in terrestrial Vertebrates. 

Lining the sclerotic is the second coat of the eye —the choroid {ch .)—formed 
of connective-tissue abundantly supplied with blood-vessels. At the junction 
of sclerotic and comea, it becomes continuous with a circular membrane ( 7 ), 
placed behind but at some distance from the cornea, and called the iris. This 
latter is strongly pigmented, the colour of the pigment varying greatly in 
different species, and giving, as seen through the transparent comea, the 
characteristic colour of the eye. The iris is perforated in the centre by a 
circular or slit-like aperture, the pupil, which, in the entire eye, appears like 
a black spot in the middle of the coloured portion. Except in Fishes, the pupil 
can be enlarged by the action of a set ol radiating unstriped muscle-fibres 
contained in the iris, and contracted by a set of circular fibres; and the anterior 
or outer portion of the choroid, where it joins the iris, is thrown into radiating 
folds, the ciliary processes {(. 7 '.), containing unstriped muscular fibres, the 
piliary muscle. 

Lining the choroid and foiming the innermost coat of the eye is a delicate 
semi-transparent membrane, the retina ( R .), covered on its outer or choroidal 
surface with a layer oi black pigment ( 7 > . E.). It extends as far as the outer 
ends of the ciliary processes, where it appears to end in a wavy line, the ora 
serrata (0. s .): actually, however, it is continued as a very delicate membrane 
(p. c. R.) over the ciliary processes and the posterior face of the iris. The optic 
nerve ( 0 . TV.) pierces the sclerotic and choroid and becomes continuous wjth 
the retina, its fibres spreading over the inner surface of the latter. Microscopic 
examination shows that these fibres, which form the innermost layer of the 
retina (Fig. 84, o. «.), turn outwards and become connected with a layer of 
nerve-cells (n. c.). Externa] to these come other layers of nerve-cells and 
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granules, supported by a framework qf delicate fibres, aud filially, forming the 
outer surface of the retina proper, a layer of bodies which correspond to modified 
sensory cells and are called, from their shape, the rods and cones (r.). These 
are placed perpendicularly to the surface of the retina, and their outer ends are 
imbedded in a single layer of hexagonal pigment-cells, loaded with granules of 
the black pigment already referred to. 

Immediately behind and in close contact with the iris is the transparent 
biconvex lens (Fig. 8j, L.), formed of concentric layers of fibres, each derived 
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from a single cell. The lens it, enclosed in a delicate capsule, attached by a 
suspensory ligament ( sp . /.) to the ciliary processes. The suspensory ligament 
exerts a pull upon the elastic lens so as to render it less convex than when 
left to itself; when the ciliary muscles contract they draw the suspensory liga¬ 
ment towards the iris, relaxing the ligament and allowing the l«»n .s to assume, 
more or less completely, its normal curvature. It is iu this way that the 
accommodation of the eye to near and distant objects is effected. 

The space between the cornea in front and the iris and lens behind is called 
the aqueous chamber of the eye, and is filled by a watery fluid—the aqueous 
humour. The main cavity of the eye, bounded in front by the lens and the 
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ciliary processes and for the rest of its extent by the retina, is called the 
vitreous chamber ( V . //.), and is filled by a gelatinous substance, the vitreous 
humour. * 

The cornea, aqueous humour, lens, and vitreous humour together constitute 
the dioptric apparatus of the eye, and serve to focus the rays of light from ex¬ 
ternal objects on the retina. The iris is the diaphragm by which the amount 
of light entering the eye is regulated. The percipient portion or actual organ 

sight is the retina, or, more strictly, the layer of rods and cones. The 
great peculiarity of the vertebrate eye, as compared with that of a Cephalopod 
(Vol. I, Section IX), to which it bears a close superficial resemblance, is that 
the sensory cells form the outer instead of the inner layer of the retina, so that 
the rays of light have to penetrate the remaining layers before affecting them. 

The mode of development of the eye is as characteristic as its structure. 
At an early stage of development a hollow outgrowth—the optic vesicle (Fig. 
85, A, opt. v.) —is given off from each side of the fore-brain (dim.). It extends 
towards the side of the head, where it meets with an inpushing of the ecto¬ 
derm (inv. 1 .) which deepens and forms a pouch, and finally, separating from 
the ectoderm, a dosed sac (B, l.) with a very small cavity and thick walls. 
This sac is the rudiment of the lens: as it enlarges it pushes against the optic 
veside, and causes it to become invaginated (B); the single-layered optic vesicle 
thus becomes converted into a two-layered optic cup [opt. c., opt. c\), its cavity, 
originally continuous with the diacoele, becoming obliterated. The invagina¬ 
tion of the vesicle to form the cup does not take place symmetrically, but 
obliquely from the external (]X)Sterior) and ventral aspect of the vesicle, so 
that the optic cup is incomplete along one side where there is a cleft—the 
choroid fissure— afterwards more or less completely dosed by the union of its 
edges. The outer layer of the optic cup becomes the pigmentary layer of the 
retina: from its inner layer the rest of that membrane, including the rods 
and cones, is formed. The stalk of the optic cup occupies, in the embryonic 
eye, the place of the optic nerve, but the actual fibres of the nerve are formed 
as backward growths from the ncrve-cdls of the retina to the brain. 

During the formation of the lens, mesoderm grows in between the pouch 
from which it arises and the external ectoderm; from this the main substance 
of the cornea and its inner or posterior epithelium are formed, the adjacent 
ectoderm becoming the external epithelium. Mesoderm also makes its way 
into the optic cup, through the choroid fissure, and becomes the vitreous 
humour. Lastly, the mesoderm immediatdy surrounding the optic cup is 
differentiated to form the choroid, the iris, and the sclerotic. 

Thus the paired eye of Vertebrates has a threefold origin : the sclerotic, 
choroid, iris, vitreous, and the greater part of the cornea are mesodermal: 
the lens and external epithelium of the cornea are derived from the ectoderm 
of the head: the retina and optic nerve are developed from a hollow 
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pouch of the brain, and are, therefore, in their ultimate origin, ectodermal. 
The sensory cells of the retina—the rods and cones, although not directly 
formed from the external ectoderm, as in Invertebrates, are ultimately traceable 
into the superficial layer of ectoderm, since they are developed from the inner 
layer of the optic vesicle, which is a prolongation of the inner layer of the 
brain, and the latter is continuous before the closure of the medullary groove 
with the ectoderm covering the general surface of the body. 

The eye-hall is moved by six muscles (Fig. 86). Four of these arise from 
the inner wall of the orbit, and pass, diverging as they go, to their insertion 
round the equator of the eye. One of them is dorsal in position, and is called 
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the superior rectus (s. r.), a second ventral the inferior rectus (tn. r.), a third 
anterior, the anterior or internal rectus (i. r), and a fourth posterior, the posterior 
or external rectus (e. r.). The usual names (internal and external) of the two 
last-named muscles originate from their position in Man, where, owing to the 
eye looking forwards instead of outwards, its anterior surface becomes internal, 
its posterior surface external. The two remaining musdes usually arise from 
the anterior region of the orbit, and are inserted respectively into the dorsal 
and ventral surface of the eye-ball. They are the superior (s. o.) and inferior 
oblique (*, o.) muscles. 

The median or pineal eye (Fig. 87) is formed, in certain cases, from the distal 
end of the parietal organ already mentioned. It has the form of a rounded 
capsule, the outer or anterior portion of the wall of which is a lens (/.) formed 
of elongated cells, while its posterior portion has the character of a retina 
{M. r.). The latter has a layer of nerve-fibres on its outer and one of rod- 
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like visual elements (r.) on its inner surface: it thus agrees with the usual types 
of invertebrate retina, and not with that of the paired eye. 

The organ of hearing, like that of sight, presents quite peculiar features. 
It arises in the embryo as a paired invagination of the ectoderm in the region 
of the hind-brain, a shallow depression being formed which deepens and be¬ 
comes flask-shaped, and finally, as a rule, loses its connection with the external 
ectoderm, forming a closed sac surrounded by mesoderm. At first simple, it 
soon becomes divided by a constriction into dorsal and ventral compartments. 



Keg. 87.— Section o£ the pineal eye of Bphenodon. g. blood vessel, A. cavity of eye, filled 
with fluid; A. connective-tissue capsule; 1. lens, M. molecular layer ot retina; 1. layer of rods 
and cones, «/. nerve: x. cells in nerve. (From WicdershemTs Vcrtebrata, after Baldwin Spencer.) 


The dorsal compartment is differentiated into an irregular chamber, the utriculus 
(Fig. 88, «.), and usually, three tubes, the semicircular canals. Of these two, 
the anterior ( ca .) and posterior ( cp .) canals, are vertical in position and have 
their adjacent limbs united, so that the two canals have only three openings 
between them into the utriculus: the third or external canal (ce.) is horizontal, 
and opens into the utriculus at either end. Each canal is dilated at one of its 
ends into an ampulla (aa., at., ap.) , placed anteriorly in the anterior and external 
canals, posteriorly in the posterior canal. 
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The ventral compartment of the auditory sac is called the sacculus (s.): 
it gives off posteriorly a blind pouch, the cochlea [l), which attains considerable 
dimensions in the higher classes; while 110m its inner face is given off a narrow 
tube, the endolymphatic duct (de.), which eithex ends blindly or opens on the 

dorsal surface of the head. The utricle and 
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saccule are sometimes imperfectly differen¬ 
tiated, and arc then spoken of together as 
the membranous vestibule. 

Patches of sensory cells (Fig. 89, ae .)— 
elongated cells produced into hair-hke pro¬ 
cesses (a. h .)—occur in the ampulla and in 
the utricle and saccule: they are known as 
macula acustica and crista acusttca (r. ;), 
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and to them the fibres of the auditoiy nerve (n) die distributed. A fluid, 
the endolymph, fills the whole of the auditory organ or membranous labyrinth, 
and in it are formed otoliths of varying size and number. There is every reason 
foi thinking that tlic labyrinth, like the olocysts or statocysts in the lower 
animals, functions as an organ of equilibration as well as of hearing. 

As the membranous labyrinth develops in the embiyo, it becomes surrounded 
and enclosed by the auditory capsule, the cartilage of which adapts itself to 
the form of the labyrinth, presenting a large excavation for the utricle and 
saccule and tunnel-hke passages for the canals. The auditory organ docs not, 
however, fit tightly into this system of cavities, but between it and the cartilage 
is a space, filled by a fluid called perilymph, which acts as a buffer to the delicate 
oigan floating in it. 
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The early history of the auditory apparatus in the embryo shows that it 
belongs to the same series of structures as the lateral-line system, of which 
it may be regarded as a highly specialised part. 

The parts so far mentioned constitute the inner ear, and this is all the 
auditory apparatus that fishes possess (except for such accessory apparatus as 
the Weberian ossicles found in certain teleosts (see page 280)). The change 
from water to land when the first tetrapoda arose was profound, and affected 
the whole organism in many directions, among them that of hearing. Sound 
vibrations had to be conveyed through the air instead of the denser medium of 
water. The first new acquisition was a membrane, the ear-drum, which 
enclosed a space, the middle ear, lying external to the inner ear. To transmit 
the sound-waves impinging on the ear-drum some apparatus was required, 
and this was effected by a transference of function of the upper member of the 
hyoid arch. No longer required in jaw suspension owing to the acquired 
autostyly (or autosystyly), the hyo-mandibular element came into relation with 
the inner ear at its medial end, and with the ear-drum at its outer end, and hence¬ 
forth is known as the columella auris (amphibia, reptiles, and birds) and in mam¬ 
mals as the stapes (see Figs. 295, 640). The final, and highest, stage of hearing 
is reached by the mammals when two more elements change their function 
and are drawn into the middle ear. This time it is from the upper and lower 
jaws that the bones are obtained. Owing to the hinge of the jaws now being 
supplied by the articulation of the dentaiy to the squamosal, the quadrate 
and articular are set free, and become modified and drawn into the middle car 
as the incus and malleus, respectively, to form with the stapes a chain of three 
bones, the auditory ossicles (sec Fig. 640). The passage from the ear-drum to 
the exterior is known as the outer ear. 

There is now complete evidence both palaeontological and embryological, 
to show a continuous evolutionary change in the ear region from fish to mammal. 

Urinogenltal Organs. —In all Craniata there is so close a connection between 
the organs of renal excretion and those of reproduction that the two systems 
are conveniently considered together as the urinogenital organs. 

Speaking generally, the excretory organ consists of three parts, all paired 
and situated along the dorsal wall of the coelome; the fore-kidney or pronephros 
(Fig. gi, A, p. nph), the mid-kidney or mesonephros (ms. nph), and the 
hind-kidney or metanephros (mi. nph.). Each of these is provided with a 
duct, the pro- {pn. d.), tneso- (m. sn. d), or meta-nephric (1 mt . n. d.) duct, which 
opens into the cloaca. The gonads (gon) lie in the coelome suspended to its 
dorsal wall by a fold of peritoneum: in some -cases their products are dis¬ 
charged into tire coelome and make their exit by genital pores, but more usually 
the pronephric duct in the female assumes the functions of an oviduct and 
the mesonephric duct in the male those of a spermiduct (c/. p. 120). The pro¬ 
nephros is almost always functionless in the adult, and usually disappears 
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altogether. The mesonephros is generally the functional kidney in the lower 
Craniata, in which, as a rule, no metanephros is developed, and the meso¬ 
nephric duct, in addition to carrying the seminal fluid of the male, acts as a 
ureter. In the higher forms the mesonephros atrophies, and the metanephros 
is the functional kidney, the metancphric duct becoming the true ureter. 

The kidney- -meso- or meta-nephros—of the adult is a massive gland of a 
deep red colour made up of convoluted urinary tubules (Fig. 90), separated 
from one another by connective-tissue containing an abundant supply of blood¬ 
vessels. The tubules arc lined by a single layer of glandular epithelial cells 
(B, C), and each ends blindly in a globular dilatation, the Malpighian capsule 
[A, gl), lined with squamous epithelium In many of the lower Craniata. a 


A 



Fig 90- 4 , pirt of a uxinary tubulr with blood vessels at artery, gl Malpighian capsule 
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branch goes off from the tubule, near the Malpighian capsule, and, passing to 
the ventral surface of the kidney, ends in a ciliated funnel-hke body (Fig. 91 A, 
nst.), resembling the nephrostome of a worm, and, like it, opening into the 
coelome. At their opposite ends the tubules join with one another, and finally 
discharge into the ureter. 

The renal arteries branch extensively in the kidney, and give off to each 
Malpighian capsule a minute afferent artery (Fig. 90, A, va.): this pushes 
the wall of the capsule before it, and bieaks up into a bunch of looped capillaries, 
called the glomerulus, suspended in the interior of the capsule. The blood is 
carried oil from the glomerulus by an efferent vessel (we.), which joins the general 
capillary system of the kidneys, forming a network over the urinary tubules: 
finally, the blood is returned from this network to the renal vein. The watery 
constituents of the urine are separated from the blood in traversing the glomer- 
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ulus t and, flowing down the tubule, take up and dissolve the remaining con¬ 
stituents—urea, uric add, etc.—which are secreted by the cells of the tubules. 
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Pig 91 - Diagram illustrating the development of the urmogemtal organs of CfBBiatl. 1 
development of pronephros and pronephne duct ( /t, atrophy of pronephros, development of 
mesonephros (. different! ition of pro and mesonephric dui ts D t development of metanephros 
male type, L, female type al bl. allantoic bladder, an anus, cl cloacd gon, gonad, mt 
intestine, w r Malpighian capsule m n d mesonephne duct nn nph mesonephros : ml n d 
metanephru iliut mf nph metanephros, >nt nephrostomt, m ovary p n d and \g d 
pronephne duct p nph pionephio f testis, 1 r v»isa effenntia 

The development of the kidney icveals a resemblance to the ctrlomoducts 
of Annulata which would hardly be suspected from its adult structure. The 
pronephros (Fig. 91, A, p. nph.) originates as a small number of coiled tubes 
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formed from mesoderm in the body-wall at the anterior end of the coelome; 
they are arranged metamerically, and each opens into the coelome by a ciliated 
funnel (nr/.)* Obviously such tubes are coelomoducts: their chief peculiarity 
is that their outer ends do not open directly on the exterior, but into a longi¬ 
tudinal tube, the pronephric or segmental duct (sg. d.), which passes backwards, 
and discharges into the rloaca. It seems probable that this arrangement is to 
be explained by supposing that the coelomoducts originally opened externally 
into a longitudinal groove, which, by the apposition of its edges, was converted 
into a tube. All the tubules of the pronephros open, by their ciliated funnels, 
into the narrow anterior end of the coelome, into which projects a branch of 
the aorta ending a single large glomerulus. 

The pronephros soon degenerates, its tubules losing their connection with 
the proneplye duct (B), but in the meantime fresh tubules appear in the 
segments posterior to the pronephros, and together constitute the mesonephros 
or Wolffian body (I?, ms. nph.), from which the permanent kidney is formed 
in most of the lower Craniata. The mesonephric tubules open at one end 
into the pronephric duct (sg. d), at the other by ciliated funnels (inst.), into the 
coelome; a short distance from the funnel each gives off a blind pouch, which 
dilates at the end and forms a Malpighian capsule (w. c.), and a branch from the 
aorta entering it gives rise to a glomerulus. 

In some forms the pronephric duct now becomes divided by a longitudinal 
partition into two tubes: one retains its connection with the mesonephros and 
is known as the mesoncphic or Wolffian duct ms. n. d .): the other has no 
connection with the tubules, hut opens into the coelome in the region of the 
vanishing pronephros, and is called the Mullerian duct (p. n. d). In some 
Craniata the Mullerian appears quite independently of the Wolffian duct: 
the latter is then simply the pronephric duct after the union with it of the 
mesonephric tubules. 

In the higher Verlebrata, from Reptiles to Mammals, a diverticulum 
(I), E, mt. n. d.) is given off from the posterior end of the Wolffian duct, which 
grows forwards and becomes connected with the hindmost tubules. In this 
way is formed a metanephros (mt. nph.), which forms the permanent kidney 
and a metanephric duct (mt. n. d.), which gives rise to the ureter. The Wolffian 
body ceases to discharge a renal function, and becomes a purely vestigial organ. 

In many Fishes there is a dilatation of the mesonephric duct, the urinary 
bladder, which serves as a receptacle for the urine. In the higher Craniata the 
ventral wall of the cloaca sends off a pouch, the allantoic bladder (al. bl.), which 
serves the same purpose, although morphologically an entirely different structure. 

The gonads (gon .) are developed as ridgcS growing from the dorsal wall 
of the codome and covered by corlomic epithelium, from the cells of which, as 
in so many of the lower animals, the ova and sperms are derived. The testis 
consists of crypts or tubules, lined with epithelium, and usually discharging their 
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products through delicate vasa efferentia ( D, v. e.) into the Wolffian duct, hut 
in some groups into the coelome. The sperms are always motile. The ovary 
is formed of a basis of connective-tissue or stroma, covered by epithelium, 
certain of the cells of which become enlarged to form ova. In the majority of 
cases the ova are discharged from the surface of the ovary into the coelome 
and thus into the open ends of the Miillerian ducts (E, p. n. A.), which thus 
function simply as oviducts, having no connection in the adult with the urinary 
system. In some groups the ova, like the sperms, are shed into the coelome 
and escape by the genital pores, and in many bony Fishes the ovary is a hollow 
organ, as in Arthropoda, discharging its ova into an internal cavity, whence 
they are carried off by a duct continuous with the gonad. 

A few Craniata are normally hermaphrodite, but the vast majority are 
dioecious, hermaphroditism occurring, however, occasionally as an abnormality. 

In close topographical relation with the urinogenital organs are found 
certain " ductless glands," the adrenals or inter- and supra-renal bodies. They 
are developed partly from ridges of the dorsal wall of the coelome— i.e., from 
mesoderm, partly from the sympathetic ganglia. There may be numerous 
adrenals segmentally arranged, or a single pair. Like other ductless glands 
the adrenals produce an internal secretion, which mingles with the blood and 
produces physiological effects on other parts. 

Development. —The ova of Craniata are usually telolecithal, but the amount 
of food-yolk varies within wide limits. When it is small in quantity, cleavage 
is complete but usually unequal, when abundant, incomplete and discoidal. 
In the latter case the embryo proper is formed, as in Cephalopods, from a com¬ 
paratively small portion of the zygote, the rest giving rise to a large yolk-sac 
and, in the higher forms, to other embryonic membranes. 

There is never a typical invaginated gastrula, as in Amphioxus, but in 
some of the lower Craniata a gastrula stage is formed by a combination of 
inpushing and overgrowth: details will be given in the sections on the various 
groups. In the higher forms the gastrula stage is much modified and 
obscured. 

The mode of development of the mesoderm and of the coelome differs strik¬ 
ingly from the process wc are familiar with in Amphioxus. At an early stage 
the mesoderm is found in the form of paired longitudinal bands (Fig. 92, 
A, msd ) lying one on each side of the middle line, where they are separated 
from one another by the medullary groove {mi. gr.) and the notochord {nch.), 
and completely filling the space between the ectoderm and the endoderm. 
Each mesoderm-band becomes differentiated into a dorsal portion, the vertebral 
plate, bounding the nervous system and notochord, and a ventral portion, the 
lateral plate, surrounding the mesenteron. The vertebral plate undergoes 
metameric segmentation, becoming divided into a row of squarish masses, 
somites or mesodermal segments (II, fr. v .); the lateral plate splits into two 
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layers, a somatic (sow.), adherent to the ectoderm, a splanchnic (spl.), to the 
endoderm. Tlie space between the two is the coelome (ctrL), which is thus a 
schizocale, or cavity hollowed out of the mesoderm, and is, except in the head- 
region in the Lampreys (p. 147), at no stage in communication with the 
mesenteron, as are some of the roelomic pouches of Amphioxus. The dorsal 
portion of the coelome assumes the character of aseriesof paired diverticula of the 
main ventral part, each situated in the interior of a somite; but such an arrange¬ 
ment is temporary, and these somitic cavities early disappear. From the 
dorsal portions of the somites the myomeres are formed, from tlieir medial 
portions the sclerotomes which give rise to the vertebra:. 

The development of the principal organs has been described in general 
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terms, in the preceding account of the organs themselves' it will be convenient 
to defer further consideration of this subject until we come to deal with the 
development of the various types of Craniata, and with the embryological 
characteristics of the classes and sub-classes. 

Metamerism. —A tendency, more or less strongly marked, to a serial repeti¬ 
tion of parts is to be observed in a number of different systems of organs. In¬ 
stances of this have already been pointed out in the skeleton, and the muscular, 
nervous, and excretoiy systems. This phenomenon seems to lead to the con¬ 
clusion that the structure of the Craniata can be understood only when they 
axe regarded as metamerically-segmented animals. The phase of metamerism 
presented by the Craniata is, however, widely dilferent from that which prevails 
in the segmented Invertebrates. In the latter the segmentation is usually 
quite distinctly pronounced externally, and it may involve a metamenc 
division extending to the coelome as well as to the various systems of internal 
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organs. In the Craniata, on the other hand, segmentation is never visible on 
the exterior, and in the adult condition the coelome never shares in the division. 
Even in the case of the organs which present metameric characters, the meta¬ 
merism often appears indefinite and uncertain: thus, as already pointed out, 
the segmentation of the spinal column, which in the adult is the most pronounced 
of all, does not coincide with the segmentation of the muscular and nervous 
system. Yet when we take the phenomena of embryonic development into 
account, it becomes sufficiently dear that in the Craniata we have to do with 
animals possessing a metameric segmentation of the same general type as 
that possessed by Amphioxus, and that the apparent anomalies are due to 
processes of secondary modification. 

It is in the trunk region that the metamerism is most strongly pronounced 
and that more particularly in the lower groups. In the head there is great 
spedalisation in co-ordination with the presence in this region of the brain, 
the chief organs of spedal sense, and the mouth and jaws; so that, though there 
are indications of metamerism of various parts, it is only by the study of 
development that it is possible to interpret the structure of the head in terms 
of a metameric segmentation which becomes much modified and disguised in 
the adult animal. When the development is followed out, it becomes evident 
that, as in the Arthropoda, the head in Craniata is formed as a result of a 
process of fusion between a number of metameres, the individuality of which 
is quite evident in early stages, more particularly among lower forms, being most 
pronounced in the region behind the auditory capsules. 

Distinctive Characters. —The Craniata may be defined as Euchorda in which 
the notochord is not continued to the end of the snout, but stops short beneath 
the fore-brain, some distance from its anterior end. A skull is always present, 
and there are usually paired limbs. The ectoderm is many-layered and is 
never ciliated in the adult, and only rarely in the larva. The pharynx is of 
moderate dimensions, and is perforated by not more than seven pairs of gill- 
slits (except in some Cyclostomes). The gill-i>ouches do not open into an 
atrium. The liver is large, massive, and not obviously tubular. There is a 
muscular, chambered heart, and the blood contains red corpuscles. The 
renal tubules unite to form large paired kidneys and open into ducts which 
discharge into or near the posterior end of the intestine. Tire brain is complex, 
and there are at least ten pairs of cerebral nerves: the spinal nerves are, except 
in Cyclostomes, formed by the union of dorsal and ventral roots. Paired eyes 
of great complexity, derived in part from the brain, are present; and there is 
a pair of auditory organs. There Is typically a single pair of gonads, and 
the reproductive products are usually discharged by ducts derived from the 
renal system. There is never a typical invaginate gastrula, and the mesoderm 
arises in the form of paired longitudinal bands which subsequently become 
segmented. The coelome is nearly always developed as a schizoccele. 
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SUB-PHYLUM IV—AONATHA. 

Formerly certain groups of Paleozoic fishes and fish-like animals, whose 
position was at that time uncertain, were classed together as the “ Ostraco- 
dermi.” This " class ” was subdivided into three orders, the Osteostraci (or 
Cephalaspidotnorphi ), Heterostraci (or Ptermpidcmiorphi) and the Antiarchi (or 
PtericMhyotnorphi ). 

Rerent work has done much to establish a truer zoological position for 
these three groups with the result that the Antiarchi are now placed with the 
Gnathostomata and the Osteostraci and Heterostraci, together with the living 
Cyclostomcs, are joined in a single sub-phylum the Agnatha. 

The Agnatha, whose name is taken from their chief characteristic, the 
absence of true jaws, form a section morphologically equivalent to all the rest 
of the vertebrata from fish to man, though in apparent extent a much smaller 
one. It must, however, be remembered that we may perhaps know only a 
small proportion of the forms that have existed. Members of the group appear 
first in the Silurian period, and continued to expand throughout the Devonian, 
when they attained their maximum development. From that time to the 
present day nothing is known ot the group, but there ran be no doubt that the 
living cyclostomes axe rightly classed as members of the Agnatha whose 
post-Devonian ancestors have not been discovered. 

The group may be classified as follows*:— 

SUB-PHYLUM AGNATHA. 

(LASS CEP 1 IALASPJDOMORPHI. 

Sub-classes Osteostraci. 

Anaspiua. 

CLASS PTERASPIDOMORPHI. 

bub-classes Hfiprosikaci. 

( (ELOLEPJDA. 

* This class) (nation i* t onscrv alive and to '.unu < vtent non loiumitldl »is to the relation 
ship of some of the component groups M tuition nu> bt rliawn to an allunativo scheme ** 
follows 

lhanch Af'NAlIll. 

Class OSTKUODLKMl (tv (lust uni at a) 

Sub Class i^TRASPIDOMORPm. 

Orders Hetetoutran 

Palaospondy bide a . 

Atyxmoidea 

Sill) CUSS ( FPHAL ASPIDOMOKPIil 
Orders O stco Kh an . 

Anahpida 

Petiomvsontui 

This ilassitication expresses the opinion that thcie lias bopn a division between the two sub¬ 
classes from as remote a time as the Devonian period It is based on certain notable differences 
in the anatomy of the two groups 1 be Pteraspidomorphi have the rostral part of the head 
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CLASS CYCLOSTOMI. 

Sub-classes Petromyzontia. 
Myxinoidea. 


CLASS CEPBALASPIDOMORPHI. 

Sub-class Osteostrad. 

Families Cephalaspide. 

Tremataspldse. 

These are forms with a single naso-hypophysial opening placed far back 
on the head. The head region is expanded and flattened, and is protected by 
a hard, bony carapace often highly ornamented with tubercles and spines, 
and produced on each side into a backwardly directed " horn " whidi leaves 
a bay, or pectoral sinus, between itself and the trunk. The body is protected 
by rows of scales in which true bone-cells are present. The tail is hcterocercal, 
with a well-developed lobe and a dorsal fin is present. 

In Cephalaspls (Figs. 93, 96), the most completely known genus, there 
is a pair of lobed appendages arising from the pectoral sinus on each side. 
Of the internal anatomy a good deal is known. The brain, with its ten pairs 
of cranial nerves, is closely comparable with that of the living Cydostomes, 
but, in addition, there is a well-developed system of nerves arising in the 
acustico-lateralis region of the brain, from which five pairs of stout nerves 
run to depressions on the upper surface of the head-shield. By analogy with 
such modem forms as the Torpedos, it has been thought that these nerves and 


formed by the ethmoidal region of the t ranium and the naso hypophysial opening lies near the 
mouth on the ventral aide of the head (see hig 117) In the CephaUspidomorphi the instral part 
of the head is formed by the growth of the upper lip so great in its development th it the naso* 
hypophvsial opening, which in the young Petromyxon lies in the normal position (rig no) is 
pushed on to the top of the head to some distance behind the rostrum The extinct groups, as 
far as can be seen, seem to fall into one or the other of these two categories. Tins classification 
has received considerable but not unanimous support there arc certain criticisms winch will 
have to be met before it is completely Acceptable (see E S Goodrich, Ptoc. linn . Soc , 1020-30 


PP 45-49) 

A third <Unification is as follows (see E 1 White, Phi* Trans Roy Sor, B, 527, 103s) 


Group AGNA1HA 
Class and Order HE 1EROS 1 RAC 1 


Family Fahenlda. 

Oyithaspldse. 


(MvANA^IDA 
Order OSTEOb 1 RAC [ 


Order CYCLOS1OM ATA 


bub-orders Pataospondyloxdea f 
Ilyperatitt (Petromyxontia) 
HyperotrcU (My wnouka) 


This classification is essentially the same as is adopted here, except that by not using the divisions 
(ephalaspidomorphi and IHeraspidomorphi, no emphasis is laid on the presumed relationship 
between the Anaspida and the Ostoobtraci, noi on the considerable difteronces between these 
two groups and the Heterostraci 

t It will be noticed that Palaospondylus still appears in these two classifications. It has 
recently been shown to be a gnathostome (see page 170 post), 
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depressions formed a kind of ekctiic oigans 1 (Fig. 94) If so, it is mteicsting 
to see how early 111 the history of the vcrtebrata so advanced a specialisation 



l»r 


Fig 93 Htmioyelaipu murohiiam D A dorsal tin ddr doisal ciest of trunk, sdct 
dorsal scutes # Ppl pineal plates sclr silczoti- iing, hf lateial ilcitru held , Pec pectoral 
ton, ihp ventral axis of caudal Jin (Utcr Stensio ) 

can be evolved The eyes are placed close together on the lop of the ceplhilic 
shield, with the pine.il opening between them and the naso-hypophysial opening 



1 ig 94 — Kiaeraipu auchenaspidoidea- \ cast of the i ranial cavity, the mbits the labyrinth 
rivities and of certain canals set t-o nerves of the elerlnc fields V, MI. IX , X , cranial 
neives I or further details m Stensio, M The Downtoman Vertebiates " (After Stonsio) 

just in front, llic mouth is ventral, and is followed on each side by ten pairs 
of gill pouches (Fig 95), of which the first two are 1 dated to the opthalmicus 

1 there i however some difficulty in accepting this view Jhe ekrtnc organs of such a fish 
as the 1 orptdo arc formed fiom specialised mustles which are not innervated by the acustico- 
laterahs system but by branches lrom the seventh and tenth nerves It is, moreover not easy 
to see how mustles could be situated m depressions outside the bony caiapace 
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Fib 95— Oipbalaipia. Diagram of Liu tndocramum Iiom thi ventril aspect Showing the 
position uf the gills. (After Stensio ) 



C, in Utcial view [), transverse section 


idlir shield in dorsal, B, in ventral view 
ough ' neck 1 region (After Straaid) 
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Fig. 97.—Head shields of various Cephalaspids. (After Gregory*) 
VOL. U. 
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profundus and trigeminal nerves, respectively. The whole of the mouth and 
gill region on the ventral side is supported by a system of small, tesselated, 
bony plates, the oro-branchial area (Fig g6). 

The Osteostrad ranged from the Upper Silurian to the Upper Devonian 
period, and a considerable number of genera and species is known. They 
show great variation in the proportions of the cephalic shield and in its 
ornamentation. Representative genera are C ephalaipis, Hemtcyclaspn, A tele- 
aspis, Bennevtaspts, Kiaeraspis , Dtdymaspts, Thyestes and others 1 (Fig. 97). 

The Trcmataspida differ from the Cephalaspidae chiefly in the absence of 



fiG g 8 , —Tnmatupil achmidh. Left figure uppci 
right figure the lower burface (After J\ittrn ] 


the pectoral sinus, and, in conse¬ 
quence, in the absence of the paired 
appendages. The cephalic shield 
is well developed, and extends 
backwards on to the trank. The 
lateral electric fields are divided 
into an anterior and a posterior 
portion. Some genera of the ( epha- 
laspidse aie transitional in shape, 
and the two families arc clearly 
allied. 1 remataspts (big 98) is 


the only well-known genus 



Tig <jy a —Reconstruction of Pterolepu mtidal, Ria?r 
Fig. 90 b - Rt construction of RhmCholepu parvulai, Kiar (Alter Kur ) 

SUB-GLASS ANASPIDA. 

These were animals of fish-like shape with a downwardly turned tail 
(hypocercal) (Figs. 99 a and b). The internal structure is unknown, but a 

1 hor which her Stensio "The Downtonian and Devonian Vertebrates of Spitebefgen 
Part 1. Cephalaspidae." 
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highly developed dermal skeleton is present. The scales on the head are small 
and show a complicated arrangement which differs in pattern in different 
genera. The scales on the trunk are arranged in lateral and ventral series, 
which, with a set of tall lateral scales, show great resemblance to the condition 
found in the Cephalaspidse, as dors also the method of their articulation. 
There are no paired appendages, unless a pair of pectoral spines be taken to 
represent them. There is a series of ridge spines along the back, and an anal 
spine below. The eyes are lateral, and the pineal and naso-hypophysial open¬ 
ings are placed on the top of the head in relatively the same position as in the 
Cephala&pidae. A series of gill openings, varying in number in the different 
genera, arc placed in front of the pectoral spine. 

There are several families, all, with one exception, Euphanerops (a 
Devonian genus), confined to the Silurian period. 

Examples are Lasamus, Iiirkenia, Pharyngolepis, Pterolepis (Fig. 99 a) 
Rhyncholepis (Fig. 99 b). 

CLASS PTERASPIDOMORPHI. 

The Ptoraspidomorphi are forms with a broad depressed head protected 
by a carapace of exoskeletal plates. The eyes are widely separated, and 
lateral in position. There are no tins on the body, cither paired or unpaired. 
The tail behind the carapace is laterally compressor! and downwardly turned 
(fiypocercal ), and is covered with scales having the same composition as the plates 
of Hie carapace. The sub-class may be* divided into two orders : the Hetero- 
straci, containing four closely allied families, and a group, the Ccclolepida, whose 
I>osition in the class is 'dill a matter oi doubt. 

'flic Ptoraspidomorphi differ from the Cephalaspidomorphi in several 
essential points. The nostrils, when known, are paired instead of single. The 
plates and scales are without lxme-cells, and the plates are formed of three 
layers, of which the outer one is comjxjsed of a substance allied to dentine. 
The gill-pouchcs unite into a single cxhalent pore placed rather far back on 
the sides of the carapace. Paired appendages are absent. 

The tour families which form the Hetcroslraci—the Paleaspidte, Cyath- 
aspidae, Pleraspida* (l*ig. 100) and Drepanaspidse (Fig. 101)—are distinguished 
from one another by the number of plates in the carapace. The Paleaspidse 
have an undivided upper shield, the Cyathaspidae have the upper surface of 
the carapace divided into four plates, the Pteraspidae into nine and the 
Drepanaspidse into twelve. 

A description of Pteraspis rostrata, a species of the best-known genus, will 
serve for all the remainder. The carapace is somewhat elongated and rect¬ 
angular in section. The dorsal surface is composed of nine plates, of which 
three, the rostral, pineal, and large dorsal, are unpaired. The r emaining six 
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plates form three pairs: the orbital in which lie the eye sockets; the branchial, 
with the gill opening at the posterior border, and just behind these the 
oomual plates. In the adult all these plates are bound together by a fusion 
of their inner lamina. On the ventral surface a large unpaired plate covers 



Fig. ioo.— Restoration of Pta r aigi l rofltr&ta dorsal (left hand figure) lateral and ventral views. 
alp anterior lateral plate, b f. branrhial plate; c p. cornual plate; d.d. dorsal disc; d,sp . 
doreal spine; l.o.p, lateral oral plate; o p. oral plate; or p. orbital plate; pi. pineal plate, p l.p. 
posterior lateral plate ;p, o.p. post-oral plate, r. rostrum; v.d. ventral disc. (After iL I. White.) 


most of the area except for a number of small oral plates round the lower border 
of the mouth, and immediately behind these three pairs of small plates the 
post-oral and the anterior and posterior laterals. The trunk is covered with 
a series of ridge-scales along the upper and lower surface. From impressions 
of the internal surface of the upper carapace it seems clear that there were 
seven pairs of gill pouches, and an X-like impression just behind the pineal 
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opening has been interpreted as evidence of two semicircular canals on each 
side. 

The second division of the Pteraspidomorphi, the Coelolepida, shows so little 
resemblance to the Heterostraci that some authorities question their right to 
be included in the group, and even their status as Agnatha. There are three 
genera included in the division: Thelodus, Lanarkia, and CctloUpis, which all 
appear as flattened impressions (Fig. 102), with a broad head-region followed 



Fig 101.—Dorsal and ventral 
veins. C, cornual plate, D, median dorsal plate, 
ventral oral plates, ocular plates, R, rustial plate, 

V, ventral plate, B, branchial plate (Fvom btensio, after 
Kiser.) 



being flattened and the tail 
twisted round so as to ap¬ 
pear in profile On each 
side a much enlarged der¬ 
mal denticle is shown 
(From the C ambndge Natu¬ 
ral History, after Lraquair) 


by a heterocercal tail. There is no armour beyond scales which bear each a 
spine. These have been likened to the placoid scale of the Chondrichthyes, 
but the homology is very doubtful. The eyes are placed far apart, and there 
is in Thdodus an indication of a gill apparatus which is consistent with that 
of the Pteraspids, bat otherwise all other structures are unknown, and the 
true relationship of this group must for the present remain sub jvdice. 


CLASS CYCLOSTOMATA. 

The Cyclostomata, or Lampreys and Hags, are eel-like animals, distinguished 
from all other living Craniata by the possession of a suctorial mouth devoid of 
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functional jaws, by the single olfactory organ, and by the absence of lateral 
appendages, or paired fins. 

z. Example of the Class.—The Lamprey [Petromyzon). 

Three species of Lamprey are common in the Northern Hemisphere: the 
Sea -lam prey (P. marinus), which attains a length of a metre; the Lampem, 
or common fresh-water Lamprey (P. fiuviaiilis), which may reach a length of 
about 90 cm.; and the Sandpride, or lesser fresli-water Lamprey (P. planeri), 
not exceeding 45 cm. in length. In the Southern Hemisphere the Lampreys 
belong to two genera: Mordacia, found on the coasts of Chili and Tasmania, 
and Geolria, in the rivers of Chili, Australia, and New Zealand. Both genera 
differ from Petromyzon in minor details only. 



FlG. IO3. FlG. TO4. 

Figs 103-4.— Petromyzon fluviatilis. Ventral (big 103), lateral and dui>al (Fig. 104) mows of 
the head. bt. il 1, lust gill-cleft, btn /. buudJ funnel, (ye, e>o, mth. mouth; na up. nasal 
aperture, p. papilla; pn t pineal drea, ti.tj.tj teeth of buccal funnel # 14 . teeth of tongue. 
(Aftci W. K. Parker.) 

External Characters.— The head and trunk (Fig. 104) are nearly cylindrical, 
the tail-region compressed or flattened from side to side. At the anterior end, 
and directed downwards, is a large, basin-like depression, the buccal fumel 
{buc. /.), surrounded with papilla: (p) and beset internally with yellow, homy 
teeth (t 1 —/ j). At the bottom of the funnel projects a prominence, the so-called 
“ tongue ” (/ 4), also bearing homy teeth, and having immediately above it 
the narrow mouth (i mth .). On the dorsal surface of the head is the single 
median nostril ( na . up), and immediately behind it a transparent area of skin 
(pn) indicates the position of the pineal organ. The paired eyes have no 
eyelids, but are covered by a transparent area of skin. The gill-slits [hr. cl. i) 
are seven pains of small apertures on the sides of the head, the first a little 
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behind the eyes. On the ventral surface, marking the junction between trunk 
and tail, is the very small anus (Fig. 113, a), lying in a slight depression, and 
having immediately behind it a small papilla pierced at its extremity by the 
urinogenital aperture (z.). There is no trace of paired appendages, and the only 
organs of locomotion are thp unpaired fins. Two dorsal fins of approximately 
equal dimensions, separated by a notch, and a caudal fin are present, the 
second dorsal being continuous with the caudal. 

Lampreys prey upon Fishes, attaching themselves to the bodies of the latter 
by the sucker-like mouth, and rasping off their flesh with the armed tongue. 
They are often found holding on to stones by the buccal funnel, and under 
these circumstances perform regular respiratory movements, the branchial 
region expanding and contracting like the thoiax of a Mammal. The reason 



1 ig ro?- Petromyion mannas. Skull with branchial basket and nntenoi part of vertebial 
column Ihe laitilaginous pirts «ue doltrd a d c. anterior doisal cartilage a tat r anterior 
latual cartilage , an t .rnnulai cartilage an c auditory capsule hr b j- 7, vertical bora of 
brinehiol basket h tl r — 7 external branchial clefts, nt r cornual cartilage, cr r cranial 
iooi, (ii 4 , Irm l itii<1unl bars ert branchial basket, If c lingual cartilage, tn t c median 
xntrol cartilage n a muni arch na ap nasal aperture, nth notochoid , Nv 2 , foramen fur 
optic none off c olfaitoivc ipsule pc r penc 11 dial rartil\«?r p d t postcnui dorsal cartilage, 
p tat c pasteric >1 latervl c.utilage w or a suhouilu arrh. st p styloid process sty c, htyli 
form cai til age t tectli (\itu \\ K 1’arkn ) 

of this is that when the animal is adhering by the mouth the respiratory curient 
cannot take its usual course—entering at the mouth and leaving by the gill- 
slits—but is pumped by muscular action both into and out of the branchial 
apertures 

The skin is soft and slimy, mottled gieenish-biown in P. marinus, bluish 
above and silvery on the sides in the fresh-watci species The epiderm contains 
unicellular glands, the secretion oi which gives its slimy character to the skin. 
The segmental sense-organs take the form of a lateral line which is superficial, 
not enclosed in a canal, and of minute pits on the head Ihere is no trace of 
exo9keleton. 

Skeleton.— The axial skeleton of the trunk is very simple. There is a 
persistent notochord (Fig. 105, nth.) with a tough sheath composed of an 
inner fibrous and an outer elastic layer. Attached to the sides of the noto¬ 
chord are little vertical rods of cartilage (n a ), arranged segmentally, bounding 
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the spinal canal on each side, and OTrresponding to nidimentBjy neural and 
intemeural arches: m the caudal region these fuse into a single plate perforated 
by foramina for the spinal nerves and sending oft processes to the base of 



Fig, 106.—Fetromyioa marlnui. Dorsal (A), ventral (fl), and sectional (C) views of skull. 
The cartilaginous parts ate dotted, a. d. c. anterior dorsal cartilage; an. c. annular cartilage; 
au. e. auditory capsule; b. cr. /. basicranial fontanellc; b , pi. basal plate; cn. e. cornual cartilage; 
er. r . cranial roof; n. a. neural arch; na. dp. nasal aperture; nch. notochord; Nv m 1, olfactory 
nerve; Nv. a,5, and 8 , foramina for the optic, trigeminal, and auditory nerves; Nv. 5', fifth nerve ; 
olf. c . olfactory capsule; p. d. e. posterior ddrsal cartilage; p. lot. c. posterior lateral cartilage; 
sb. oc, a . sub-ocular arch; si. p. styloid process. (After W. K. Parker.) 

the fin. For the rest of its extent the spinal canal is enclosed only by tough, 
pigmented connective-tissue. Slender rods of cartilage support the median 
fins. 
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The cranium also exhibits a very primitive type of structure. Its floor 
is formed by a basal plait (Fig. xo6, b. pi.), made by the union of the para- 
chordals and trabecula, and surrounding posteriorly the fore-end of the 
notochord. Immediately in front of the termination of the notochord is a 
large aperture, the basi-cnmiai foniaiuEe (6. cr. /.), due to the non-union of 
the posterior ends of the trabecula; through it passes the pituitary pouch, 
presently to be referred to (Fig. 109), on its way from the olfactory sac to the 
ventral surface of the notochord. Lateral walls extend upwards from each 
side of the basal plate, but the roof of the cranium is formed by membrane 
except at one point, where a narrow transverse bar (cr. r.) extends across be¬ 
tween the side-walls and furnishes a rudimentary roof. United with the 
posterior end of the basal plate and forming the end of the neurocranium are the 
auditory capsules (aw. c.), and the side-walls are pierced with apertures for 
the cerebral nerves (Nv. 2, Nv. 5, Nv. 8). 

So far the skull is thorougldy typical, though in an extremely simple or 
embryonic condition; the remaining parts of it differ a good deal from the 
ordinary structure as described in the preceding section, and are in many 
cases very difficult of interpretation. 

The olfactory capsule (olf. c.) is an unpaired concavo-convex plate which 
supports the posterior wall of the olfactory sac and is pierced by paired apertures 
for the olfactory nerves. It is unique in being united to the cranium by fibrous 
tissu e only. 

Extending outwards and downwards from each side of the basal plate is 
an inverted arch of cartilage, called the sub-ocular arch (Figs. 105 and 106, 
sb. oc. a.) from the fact that it affords a support to the eye. From its posterior 
end a slender styloid process [si. p.) passes directly downwards and is connected 
at its lower end with a small cornual cartilage (cn. c). Perhaps the sub-} 
ocular arch answers to the palato-quadrate or primary upper jaw, the styloid 1 
and cornual cartilages to the main part of the hyoid arch. In close relation 
with the angle of the sub-ocular arch is an upwardly directed plate, the 
posterior lateral cartilage [p. lot. c.). 

Connected with the anterior end of the basal plate is the large bilobed 
Posterior dorsal cartilage (p. d. c.) ; it appears to be formed from the united 
anterior ends of the trabecula 1 . Below and projecting in front of it is the 
anterior dorsal cartilage (a. d. c.), which is probably homologous with the upper 
labial cartilage of some Fishes and Amphibians (see below). Also belonging 
to the series of labial cartilages are the paired anterior lateral cartilages [a. 1 . c.) 
and the great ring-shaped annular cartilage (an. c.) which supports the edge 
of the buccal funnel. 

The " tongue ” is supported by a long unpaired lingual cartilage (Fig. 105, 
lg. c.), which may answer to the united Meckel’s cartilages or ventral portion 
of the mandibplar arch of other Craniata (see p. 78); it is tipped in front by 
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a small median and a pair of still smaller lateral cartilages. Below it is a 
slender T-shaped median ventral cartilage (m. v. c.), which may possibly be 
the median ventral element of the mandibular arch. Lastly, attached to each 
side of the annular cartilage and passing backwards and downwards are a 
pair of tapering, rod-like stylifom cartilages [sly. c.). 

The visceral skeleton also differs in a remarkable manner from the ordinary 
Craniate type, and is only doubtfully related to it. It consists of a branchial 
basket, formed, on each side, of nine irregularly curved vertical bars of cartilage 
(Fig. 105, br. b. x —9), the first placed almost immediately posterior to the 
styloid cartilage, the second immediately in front of the first gill-deft, the 
remaining seven just behind the seven gill-defts. These bars are united 
together by four longitudinal rods [Ic. 1—4), of which one lies alongside the 
notochord and is connected in front with the cranium, two others arc placed 
respectively above and below the gill-defts, while the fourth is situated dose 
to the middle ventral line and is partly fused with its fellow of the opposite 
side. The posterior vertical bar is connected with a cup-like cartilage [pc. c.), 
which supports the posterior and lateral walls of the pericardium. The whole 
branchial basket lies external to the gill-pouches and branchial arteries, not, 
like typical visceral arches, in the walls of the phaiynx. 

The median fins are supported by the delicate cartilaginous rods already 
referred to, which are more numerous than the myomeres, and lie paralld 
to one another in the substance of the fin, extending downwards to the fibrous 
neural tube. 

The structure of the cartilage is peculiar and varies in different parts, it has 
very little matrix. 

The muscles of the trunk and tail are ananged in myomeres which take 
a zigzag course. In the branchial region they arc divided into dorsal and 
ventral bands, which pass respectively above and below the gill-slits; but in 
the trunk there is no division into dorsal and ventral parts. A great mass 
of radiating muscle is inserted into the buccal funnel, and the “ tongue ” 
has an extremely complex musculature which derives its nerve-supply from the 
trigeminal. 

Digestive Organs.—The teeth are laminated homy cones: beneath them 
lie mesodermal papillae covered with ectoderm which bear a superficial ic- 
semblance to the germs of true calcified teeth. When worn out they are 
succeeded by others developed at their bases. The mouth leads into a buccal 
cavity (Fig. 107, m) formed from the stomodaeum ol the embryo, and com¬ 
municating behind with two tubes placed one above the other: the dorsal of 
these is the gullet (ars.), the ventral the respiratory tube [r. t., see below): 
guarding the entrance to the latter is a curtain-like fold, the velum (v/.). The 
gullet bends over the pericardium and enters the intestine (ini.) by a valvular 
aperture. The intestine passes without convolutions to the anus; its anterior 
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endiS slightly dilated, and is the only representative of a stornach: its posterior 
end is widened to form the rectwn (Fig. 113, r.). The whole of the intestine is 



formed from the mesenteron of the embryo, and the blastopore becomes the 
anus, there being no proctodseum. The lumen of the intestine is crescentric, 
owing to the presence of a iyphlosole { Fig, 112, ini.), which takes a somewhat 
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spiral course and is hence known as the spiral valve. There is no continuous 
mesentery, but a number of narrow supporting bands. 

The liver (Fig. 107, Jr.) is a large bilobed organ, and is peculiar from the fact 
that there is neither gall-bladder nor bile-duct in the adult, except as an 
individual variation, although both are present in the larva. There are a 
few lollicles on the surface of the liver, which may represent a pancreas : the 
spleen is absent. Paired glands imbedded in the muscles of the head, and 
opening into the mouth, are known as " salivary glands," 

Respiratory Organs. —The Lampreys differ from all other Vertebrata in the 
fact that the gills do not open directly into the enteric canal in the adult, 
but into a respiratory tube (Fig. 107, r. t.) lying below the gullet. This is a wide 
tube opening in front into the buccal cavity, and ending blindly a short 
distance in front of the heart: in the larva it communicates behind with the 
intestine, and is, in fact, the pharynx, the gullet of the adult being not yet 
developed; but at the time of metamorphosis it loses its connection with the 
intestine, and the gullet is developed as a forward extension of the latter— 
an entirely new formation. The respiratory organs are typical gill-pouches 
(br. 5): they have the form of biconvex lenses, with numerous gill-lamellae 
developed on the inner surfaces, and arc separated from one another by 
wide interbranchial septa. In the larva an additional cleft has been found in 
front of the first of the adult series. 

Circulatory System. —The atrium (au.) lies to the left of the ventricle (v.) 
and receives blood from a small sinus venosus (s.u.). There is no conus 
arteriosus, but the proximal end of the ventral aorta presents a slight dilatation 
or bulbus arteriosus. Both afferent and efferent branchial arteries supply each 
the posterior hemibranch of one gill-pouch and tlic anterior hcmibranch of the 
next: they are thus related to the gills, not to the gill-pouches. In addition 
to the paired jugulars (ju.) there is a median ventral inferior jugular vein (1. ju.) 
returning the blood from the lower parts of the head. There is no renal-portal 
system, the two branches of the caudal vein being continued directly into the 
cardinals (cd.). The left precaval disappears in the adult, so that the jugulars 
and cardinals of both sides open into the right precaval. The red blood- 
corpuscles are circular, nucleated discs. There is a large system of lymphatic 
sinuses. 

Nervous System. —In the brain the small size of the cerebellum (Fig. 108, 
crb.) is remarkable: it is a mere transverse band roofing over the anterior end 
of the metacoele. The optic lobes (opt. 1 .) are very imperfectly differentiated, 
and the central region of the roof of the mid-brain is formed merely of a layer 
of qpithdium, so that when the membranes of the brain are removed, an aperture 
is left which is covered in the entire organ by a vascular thickening of the pia, 
or choroid plexus (ch. pi. a). On the dorsal border of the lateral wall of the 
diencephalon are the two ganglia habenula, the right (r. gn. hb.) much larger 
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than the left (l. gn.hb ): they are connected with the pineal apparatus. Below 
the diencephalon is a small flattened pituitary body (Fig. 109, pty. b.). In 
front of the diencephalon are paired bean-like masses, each consisting of a small 
posterior portion, the olfactory lobe ( erb . h.), and a larger anterior portion, the 
olfactory bulb (olf. 1 ). The diaccelc communicates in front with a small proso- 
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1 ig 106 - Petromynm marinus. Dorsal (1) and v< ntral (7f) views o i biain ch pi i anterior 
choroid plexus framing roof of pioscnnphalou ami diene cphalun, ch pi j, aperture in roof of 
mid brain expose d by lemcn al of middle choroid plcxu* ch pi 3, metacrrlo exposed by removal 
of posteriorchoroid plexus, erb cerebellum, cth h olfactory lubes, tt ab crura cerebri, dten 
diencephalon, 1 ttf infundibulum l gn hb left ganglion haht nulae, vud obi medulla oblongata , 
Vv j, olfacloiy, Ai 2, optic At j, oculo- motor, Ai 5, trigenunal, and \v 8, auditory nerves, 
olt I olfactory bulbs, opt l optic lobe >, pu pineal eye r gn hh right ganglion habenula* 
(After Ahlborn) 


coele or common fore-ventricle, which is roofed over by a choroid plexus (ch.pl. x), 
and from which a transverse passage goes off on each side and divides into two 
branches, a rhinoccele going directly forwards into the olfactory bulb, and a 
paraccele backwards into the olfactory lobe. 

The pineal apparatus consists of two vesicles placed in a vertical series: 
the dorsal-most of these is the vestigial pineal eye (Fig. 109, pn. e.) 1 it has 
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a pigmented retina, a flat and imperfectly formed lens, and is connected with 
the right ganglion habenulae. The lower vesicle {parapineal organ, pn.) t of the 
same nature as the upper but more imperfectly developed, is in connection with 
the small left ganglion habenulae. The pineal eye is not an organ capable, like 
the paired eyes, of forming definite images of objects, but probably is capable 
of distinguishing differences in the intensity of the light. The optic nerves 
differ from those of most of the higher classes in the fact that the chiasma is 
not visible externally—the intercrossing of the fibres taking place beneath the 
surface. 

The spinal cord (Figs. 107 and 112, my.) is Aattenecl and band-like. The 



I ig log - Petromyton. bide ucv. of brain ^itli olfactory and intuit try sais in section 
cbltn cerebellum ttb h olfactory lube duv dunccphilon, ] fold in nasil tube , gl nasil 
glands, 1 nj. infundibulum , l gn . hb left ganglion habenul i wed obi medulla oblongata , va 
ap nostril, nek notochord, Ai j olfactory nerw f At ? optic, Ai 7, oculomotor, A/ / 
trochlear, Nv. 5, trigeminal A r i 6 abducent, Nv 7 facial, Av S, auditory, At jo, vagus 
Nv 12, hypoglossal, olf cp. olfactory capsule, olf.l olfactory bulb, olf.w in olfactuiy mucous 
membiane, opt 1. optic lobe pn parapineal organ, pn e pineal esc, ptv b pituitary body 
pty p pituitary pouch sp median septum of olfactory sic, sp 1, doisal root of first spinal 
nerve (Combined from figures by Ahlborn and Katmsn he j 

dorsal roots of the spinal nerves alternate with the ventral roots, and do not 
unite with them to form a trunk: the dorsal roots are opposite the myo- 
commas, the ventral opposite the myomeres A sympathetic is represented. 
The hypoglossal is the first spinal nerve. 

Sensory Organs.— The external nostril (Fig 107, na", Fig. 109, na. ap.) 
leads by a short passage into a rounded olfactoty sac (Fig. 107, na., Fig. 109) 
placed just in front of the brain and having its posterior wall raised into ridges 
covered by the olfactory mucous membrane (Fig 109, ulf . ni m ). From the 
bottom of the sac is given off a large pituitary pouch (Fig. 107, na'.. Fig. 109, 
pty. p.) which extends downwards and backwards, between the brain and 
the skull-floor, passes through the basicranial fontanclle, and ends blindly below 
the anterior end of the notochord. 

The relations between the olfactory sac, the pituitary pouch, and the 
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pituitary body are very remarkable. In the embryo, before the stomodseum 
(Fig no, A, sidm) communicates with the mesenteron, two unpaired ectodermal 
invaginations appear in front of the mouth. The foremost of these is the 
rudiment of the olfactory sac (0//. s ). The other, which is situated between 
the olfactory sac and the mouth, is the pituitary sac (pty. s), which in this case 
opens just outside the stomodseum instead of within it as in other Craniata: 
its inner or blind end extends to the ventral surface of the tore-brain and termin- 



iic no Petromynon. Pilgrims of foui stipes in the Jovclopmenl of Ibr olfactory and 
pituit iry sacs bi brim rnt mesi ntcron, t«/ infundibulum f //> lower lip, mk notochord , 
oil s olfactory sac fn pineilbudv, pty s pituitary sai stint stonioddeum, « Ip upper lip 
(\ltcwd fromDohm) 

ates just below the infundibulum (»«/) As development goes on, the olfactory 
and pituitary invaginations become sunk in a common pit (B), which, by the 
growth of the immense upper lip (up. /), is gradually shifted to the top of 
the head (C, D), the process being accompanied by elongation of the pituitary 
sac, into which the olfactory sac opens posteriorly. Where the pituitary sac 
comes in contact with the infundibulum it gives oft numerous sm^li fol li cl e s 
which become separated oft and give use to the pituitary body (Fig. 109, 
pty. b ). Thus the entire nasal passage of the Lamprey, including its blind 
pouch, is a persistent pituitary sac into winch the single olfactory organ opens. 
Moreover, owing to the extraordinary displacement undergone during develop¬ 
ment, the pituitary sac perforates the skull-floor from above instead of from 
bdow, as in all other Craniata 
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The auditory organ (Fig. ixi) is remarkable for having only two semicircular 
canals, corresponding to the anterior ( a.s.c .) and posterior (/».s.c.) of the typical 
organ. 

Organs of taste arc present on the wall of the pharynx between the gill- 
sacs, and neuromast- or lateral line-organs are present on the head and trunk. 

Urinogenltal Organs.— The kidneys (Figs. 
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Fig ixi. —Auditory b*c of Pe- 
tromyson. a s.c. anterior semicir¬ 
cular canal; aud.n. auditory nerve; 
end s. endolymphatic sac; p s.c. 
posterior canal; sac. sacculus; 
utr. utmulus (After Rctzius.) 


112 and 1x3, A) are long strap-shaped bodies 
developed from the mesonephros of the embryo. 
The tubules have no nephrostomes. Each kid¬ 
ney is attached along one edge to the dorsal wall 
of the body-cavity by a sheet of peritoneum; 
along the other or bee edge runs the " ureter ” 
(ur.), which is the undivided pronephric duct. 
The ureters open posteriorly into a small urino- 
genital sinus (Fig. X13, u.g.s.), placed just 
behind the rectum, and opening, by a urino- 
genital papilla ( u.g.p .), into a pit in which the 


anus (a.) also lies. The side-walls of the sinus 
are pierced by a pair of small apertures, the genital pores (y.), which place its 
cavity in communication with the coelome. 


The gonad (Fig. 107, ov., Fig. 112, is.) is a large unpaired organ occupying 



Fig. 112. —Petromyaon mar- 
turn Transverse section of 
trunk, cd. cardinal veins; d. 
ao dorsal aorta; /. r. fin-rays; 
/ l. fibrous tissue of spinal 
canal; tnt. intestine, the line 
pointing to the spiral valve, 
h. kidneys; ly. subvertebral 
lymph-sinus; m. body-mus¬ 
cles; my. spinal cord; nc. 
notochord; n. ca. spinal canal, 
if. testis; ur. ureter. (From 
Parker’s Zootomy.) 


the greater part of the abdominal cavity and sus¬ 
pended by a sheet of peritoneum. The sexes are 
separate, but ova have been found in the testis of 
the male. The reproductive products are shed into 
the coelome and make their way by the genital pores 
into the urinogenital sinus, and so to the surround¬ 
ing water, where impregnation takes place. 

Development.—The egg is telolecithal, having a 



Fig. 113 —Petromyaon marinui. The urino- 
genital sinus with posterior end of intestine and 

K ; of left kidney, a. anus; inf. intestine; h. 

kidney; r,rectum; u.g.6. urinogenitalpapilla; 
u.g.s. urinogenital sinus; ur. left urinary duct; x, x\ 
apertures of ureters into urinogenital sinus; y, 
bristle passed into right gsmtaf pore; i, bristle 
passed from unnogmital aperture into sinus. 
(From Parker's Zootomy-) 
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considerable accumulation of yolk in one hemisphere; in correspondence with 
this, cleavage is complete but unequal, the morula consisting of an upper hemis¬ 
phere of small cells or micromeres (Fig. 114, mi. m.), free from yolk, and of a 
lower hemisphere of large cells or macromeres (mg. m.) containing much yolk. 
In the blastula stage (D) the segmentation-cavity or blastocoele (blcl.) is situated 
nearer to the upper than to the lower pole. A transverse semilunar groove 
appears which is bounded by a prominent rim towards the future dorsal and 
anterior side : this is the blastopore (hip.). The macromeres become gradually 
enclosed by the micromeres as a result of a process which is partly invagina¬ 
tion, partly epiboly. During this process the segmentation cavity becomes 



Fig 114 — Petromyicra. 4 aud 13 two stages m sej auutdtion ( early embryo from the 

£ o*teiior aspect P, section of blastula stage, I, section of gastrula stage blp. blastopore, 
\cl bl istoccc leoi segmentation cavit> , A keel, tug m macronitres, mi m micromeres. (After 
Shiplc v and h uptfer) 

displaced by the archenteron. The dorsal and ventral walls of the 
latter, unlike those of the archenteron of Ampluoxus, diifer widely from 
one another, the ventral wall being composed of a thick mass of yolk-cells 
(macromeres), while the roof is comparatively thin and consists of two or three 
layers of rounded cells. The lumen is a narrow, dorso-vcntrally comp ressed 
cleft. When the piocess of gastrulation is completed, the blastopore t ake s 
up a position at the postero-dorsal end. The development of the central 
nervous system differs widely from the corresponding process in Amphioxus, 
and is only approached among the Craniata by the Bony Fishes. The 
dorsal surface becomes flattened along a narrow longitudinal area, and 
along this a groove appears, which stops short just m front of the blastopore. 
1 he area along which the groove runs soon becomes raised up above the general 
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Fig. i 15— Petromyxon. Sections 0f embryos. A, transverse section of the trunk-region. 
ti, transverse section of the head-region. at. ccelomic sacs, ect. ectoderm; end endoderm f ent 
enteric cavity, so. mcsodeim-strand; m.c. t ntk. medullary cord and medullary keel, nc. noto¬ 
chord. (From O. Hertwig ; A, after Goette, B, after Kupffer) 


as a solid longitudinal medullary keel (Fig. 114, C, k ; Fig. 114, A, mg.). This 
is the rudiment of the central nervous system. Subsequently the keel becomes 
A ^ __ g separated off from the surface ectoderm, 

I rgil v / /fms and lies below it as a solid cord. It is 

fI u 1 jBt na a P only at a considerably later period that a 

IMf'l Sr* f lumen appears in this cord, and gives rise 

Li J mj *41 to the ventricles of the brain and the 

11 * TB 9 1 M bn central canal of the spinal cord. During 

IhS m , X M the formation of the medullary keel the 

Uffl ■ X 9 rudiment of the notochord is developed 

■ l M 9 from the underlying endoderm very much 

H r iff £■ as in Amphioxus (p. 54). On each side of 

| fX I J r n the medullary cord and notochord is a 

} ■ nf *'M group of cells arranged as a longitudinal 

1 fl iff Jt 'X strand—the mesoderm plates. In the 

ia| Jr i«iJ head-region (Fig. 115, B) a number of 
»Jem "**-* diverticula from the archenteron— cado- 

Fig zi 6.—FafaomTMn flaviAtilii. Head rftic diverticula —are given off into these 
side. br. j, first branchial aperture; eye, strands: in the trunk region [A) these 
i>Pj u L are absent. The inner portion of the 

mesoderm on each side becomes divided 


up into a series of mesodermal somites, the lateral part remaining undivided 
and forming the lateral plate. In this restriction of somite-formation to the 
part of the mesoderm immediately adjacent to the middle line, the Lamprey 
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differs from Amphioxus and resembles all the rest of the Craniata. The blas¬ 
topore does not close up, but is converted into the amis, so that there is no 
proctodjftum. The dorsal lip of the blastopore, vdry prominent from the first, 
becomes produced to give rise to the rudiment of the tail region. The mouth 
is developed later than the anus by the formation of a stomodsal invagination. 

The young is hatched as a peculiar larval form called Ammocaks (Fig. n6), 
which differs from the adult in several respects. The median fin is continuous. 
There is a semicircular, hood-shaped upper lip («. 1 ) instead of the suctorial 
buccal funnel of the adult, and teeth are absent. The buccal cavity is separated 
from the pharynx by a velum. A ciliated peripharyngeal groove encircles the 
pharynx in front and is continued backwards on the ventral side as a median 
groove opening behind into the thyroid gland, which is thus proved to be a 
special development of a structure corresponding to the endostyle of Amphioxus 
(p. 43) and the Tunicata. The eyes are rudimentary and hidden beneath the 
skin; the brain is of far greater proportional size than in the adult; and, 
as already mentioned, the gill-pouches open into the pharynx in the normal 
manner. 

2. Distinctive Characters and Classification. 

The Cydostomata are Craniata in which the mouth lies at the bottom of 
a sucker-like buccal funnel, or in a depression edged with tentades, and there 
are no jaws. Horny teeth are borne on the interior of the buccal funnd and 
on the huge " tongue.” Paired fins are absent. There is no exoskeleton; 
the skin is glandular. The vertebral column consists of a persistent notochord 
with a fibrous neural tube, in which rudimentary neural arches may be de¬ 
veloped. The skull is largely or wholly roofed by membrane, and there is an 
extensive development of labial cartilages. The segments of the post-auditory 
region of the head are more distinct than in the rest of the Craniata. The 
enteric canal is straight, and there is no doaca. The respiratory organs are 
six to fourteen pairs of gill-pouches. There is no conus arteriosus and no 
renal portal system. There are large olfactory lobes, which may be either 
hollow or solid; the cerebellum is very small. The olfactory organ is single 
and median, but is supplied by paired olfactory nerves; it opens into a large 
persistent pituitary sac which perforates the basis cranii from above. The 
auditory organ has one or two semirircular canals. The kidney is a meso¬ 
nephros, the ureter a pronephric duct. The gonad is unpaired, and there 
are no gonoducts, the genital products making their exit by genital pores. 

The Class is divided into two Orders. 

Order x.—Petromyzontes. 

Cydostomata in which there is a well-devdoped dorsal fin and a complete 
branchial basket; the pituitary sac terminates posteriorly in a blind pouch; 



ZOOLOGY 


148 

the gills open into a respiratory tube below the gullet. This order indudes 
the Lampreys, which belong to the genera Petromyzon, Mordacia, Geotria, 
Iehthyomyzon, etc. 

Order 2.—Myxinoidei. 

Cyclostomata, in which the dorsal fin is absent or feebly developed; the 
bra nchial basket is reduced; the pituitary sac opens posteriorly into the mouth; 
the gills open into the pharynx in the normal manner. 

This order indudes the Hags or 
Slime-eels, belonging to the genera My- 
xme, Paramyxine, and Eptatretus ( BAel- 
lostoma). 

3 Comparison of the Myxinoids 
with the Lamprey. 

The organisation of the Lampreys 
is so uniform that all that will be 
necessary in the present section is to 
indicate the prindpal points in which 
the Hags differ from them. 

Myxtne is about the size of a fresh¬ 
water Lamprey— t e., some forty-five cm. 
long: Eptatretui is fully a metre in 
length. Both are icmaikable for the 
immense quantities oi slime they are 
capable of exuding from the general 
surface and from the segmentally ar¬ 
ranged mucus-glands of the skin. It is 
said that two specimens of Myxtne 
thrown into a bucket of water are cap¬ 
able of gelatinising the whole with their 
secretion. The slime-glands of Myxtne 

br op branchial aperture , bt cl 1, first con t a j n peculiar " thread-cells " COn- 
branchial clift, mth mouth, ap, nasal , 1 , , _ , . , 

aperture, as a d oesophageo cutaneous taming a much-coiled thread which 

duct Hie smaller openings in A arc thoso linunnHc either before nr nfter the Hie* 
of the mucus glands (After w K Parker,) unwinds eiuier (more or auer me ais- 

charge of the cell from the gland. 

Myxtne approaches most nearly to the condition of an internal parasite of 
any Vertebrate; it is said to attach itself to living Fishes and gradually to 
bore its way into the coelome, devouring the flesh as it goes. 

There is no true buccal funnel: the space on which the mouth opens is 
edged with tentades (Fig. 1x7) supported by cartilages; there is a single median 
tooth above the oral aperture, and two rows of smaller teeth on the tongue. 
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The papillae beneath the cone-like homy teeth bear a still closer superficial 
resemblance to rudiments (or vestiges) of true calcified teeth than is the case in 
the Lamprey; but it appears that no odontoblasts and no calcified substance 
of any kind are formed in connection with them. A velum separates the buccal 
cavity from the pharynx. The nostril (na. ap.) is a large unpaired aperture 
situated in the dorsal maigin of the buccal space, and is continued into a 
passage, the pituitary sac, which opens into the pharynx by an aperture 
which appears in late embryonic life. Myxine commonly lives nearly buried 
in mud, and the respiratory current passes through this passage to the 
gills. 

The only fin is a narrow caudal surrounding the end of the tail. The respira¬ 
tory organs present striking differences in the two genera. In Eptatretus 
there are in different species six to fourteen very small external branchial 
apertures (br. cL i) on each side, each of which communicates by a short tube 
with one of the gill-pouclics r which is again connected with the pharynx by 
another tube. Behind and close to the last gill-slit, on the left side, is an 
aperture leading into a tube, the cesophageo-cutaneous duct (ats. ct. d.), which 
opens directly into the pharynx. In Myxtnc (Fig. 117, A) the tubes leading 
outwards from the gill-pouches all unite together before opening on the exterior, 
so that there is only a single external branchial aperture ( br . ap .) on each side; 
into the left common tube (c. br. t) the oesophageo-cutaneous duct (ass. H. d.) 
opens. In both genera the internal branchial apertures communicate directly 
with the pharynx; there is no respiratory tube. 

The neural canal is over-arched merely by fibrous tissue (Fig. 118, n.t .); 
there is no trace of neural arches in the trunk, but in the posterior part of the 
caudal region both neural canal and notochord are enclosed in a continuous 
cartilaginous plate. Similarly the roof of the skull is entirely membranous. 
The nasal passage [na. t.) is strengthened by rings of cartilage, and the buccal 
tentacles are supported by rods of the same tissue. Behind tlie styloid cartil¬ 
age or hyoid bar (s*. p.) is a rod connected below with the subocular arch; 
it probably represents the first branchial bar. The 14 tongue ” is supported 
by an immense cartilage (in. v. c.), in part corresponding to the lingual cartilage 
of the Lamprey. The branchial basket is rudimentary, being represented only 
by certain small irregular cartilages, such as one in the walls of the oesophageo- 
cutaneous duct, and, in Myxine (Fig. n8, br. ft.), one on the right side support¬ 
ing the common external gill-tube. 

The myotomes of one side alternate with those of the other. 

The intestine is very wide. The liver consists of two separate portions, 
the ducts of which open separately into the gall-bladder. A pancreas-like 
gland is present in both Myxine and Eptatretus . The brain differs considerably 
from that of the Lamprey, especially in the larger olfactory lobes and the 
reduced ventricles, and smaller mid-brain. The dorsal and ventral roots of the 
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circular canal, which, having an ampulla at each end, probably represents both 
anterior and posterior canals. 

Eptatretus has a persistent pronephros in the form of a ptimH irregularly 
ovoidal body situated just above the heart and consisting of a large wimlw of 
tubules richly branched peripherally: the nephrostomes open into the peri* 
eardrum. The tubules do not communicate with the pronephric duct in 
Myxine, but end blindly: in Eptatretus they open into an incomplete longitu¬ 
dinal duct, which does not communicate with the permanent kidney-duct. 
The functional kidney is the mesonephros, and is specially interesting from the 
fact that in Myxinoids it retains in the adult its primitive segmental arrange¬ 
ment. The " ureter " (pronephric duct, Fig. xao, A) sends off in each segment 
a coiled tubule (b) with a single Malpighian capsule (c), into which a branch 
from the aorta (d) enters and forms a: glomerulus. 

Myxine is hermaphrodite, the anterior part of the gonad being ovary, the 
posterior testis: in some the ovary is mature and the testis rudimentary, in 
others the opposite condition holds good, so that, while hermaphrodite, each 
individual is either predominantly female or predominantly m*! *. The eggs 
of both genera are of great proportional size, and those of Myxine are enclosed, 
when laid in a horny, shell bearing numerous hooked processes at each pole; 
by means of these the eggs axe entangled together, and probably also attached 
to seaweed. 

In Eptatretus stouti, the only Myxinoid of which the development is known, 
the eggs are elongated and cylindrical, and contain a large quantity of food- 
yolk. The segmentation is meroblastic, being confined to a germinal disc 
situated at one end of the elongated egg. The blastoderm thus formed extends 
gradually over the suface of the yolk, which it only completely encloses at a 
late stage, when the gill-clefts are all formed. Eptatretus differs from Petro- 
myzon and resembles the majority of the Craniata in the mode of development 
of the central nervous system, which is formed, not from a solid ectodermal 
keel, but from an open medullary groove the lips of which bend inwards and 
unite to form a medullary canal. 

The geographical distribution of the class is interesting from the fact that 
each order contains some genera which are mainly northern, others which 
are exclusively southern. Petromyzon is found on the coasts and in the rivers 
of Europe, North America, Japan, and West Africa; it is therefore mainly 
Holarctic. Ichthyomyzon is found in the Mississippi, St. Lawrence and 
Hudson's Bay drainage systems, Moriada in Tasmania and Chili, Geotria in 
the rivers of Chili, Australia, and New Zealand. lAyxine occurs in the North 
Atlantic and on the Pacific Coast of South America; Paramyxine in the Pacific ; 
Eptatretus on the coasts of South Africa, New Zealand, and Chili. 
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SUB-PHYLUM V—GNATHOSTOMATA. 

The sub-phylum Gnathostomata includes all vertebrate animals with 
upper and lower jaws, and comprises a wide range of animals, from fish to the 
various tetrapod classes, which have in turn been derived from a fish ancestor. 

An entirely satisfactory classification of fishes is not easy to construct, 
because of the incompleteness of several parts of the fossil record, and the 
consequent lack of connecting links. Complete agreement as to their arrange¬ 
ment, therefore, has not been reached, and the student will meet with a 
considerable choice of classifications. 

The view, however, has steadily been gaining ground that within the old 
group of "Pisces ”—fishes, that is, in the widest sense—there are certain 
fundamental divisions which are of great antiquity, and which have little to 
do with one another beyond the possession of a possible but unknown common 
ancestor at a very remote, and equally unknown, period. 

The old classification, therefore, of the Gnathostomata into the five classes— 
Pisces, Amphibia, Rcptilia, Aves, and Mammalia -becomes modified by the 
division of the fishes into four classes as follows:— 

Class APHETOHY OIDEA 
Sub-classes Acanthodii 
Arthrodira 

AnTIARCHI (PTERICIITnYOMORFUl) 

Petauchthyida (Anarthkodira) 

Rhenanida 

Palajospondylia 

Class CHONDRICHTHYES (SELACHII. ELASMOBRANCHII) 
Sub-classes Pleuropterygii (Cladoselachii) 

IciITJIYOTOMI 

Euselachii 

Holocephalt 

Class ACT INOPTERYG11 

Sub-classes Palajopterycii 
Neopterygii 

Class CUOANICHTHYES 1 

Sub-classes Crossoptkrygii (Rhipidisha and Actinistia). 

Dipneusti (Dipnoi) 

1 The Choanichthyes and the Tetcapoda together make up a class, the Choanata, but one 
which is so unwieldy as to require a division into separate parts, each of which has to be tanned 
ft 11 diss.” # 
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As compared with the tetrapoda, these lour classes have certain characters 
in common. They have organs of respiration and of locomotion adapted for an 
aquatic mode of life. The chief, and in the majority the only, organs of 
respiration are the gills, which are in the form of a series of vascular processes 
attached to the septa of the branchial arches and persisting throughout 
life. 1 - 

The organs of locomotion are the paired pectoral and pelvic fins and the 
unpaired dorsal, anal, and caudal fins. These fins are all supported by fin-rays 
of dermal origin, in addition to the endoskeletal supports, and these fin-rays 
are diagnostic, as in no other animals in which fin-like structures may be present 
are fin-rays ever to be found. A dermal exoskelelon is typically present, and 
only on occasions is secondarily lost. In the endoskcleton the notochord is 
usually to some extent replaced by vertebra, either of bone or cartilage. There 
is a well-developed skull and a system of visceral arches, of which the first 
pair form 1 the upper and lower jaws, the latter movably articulating with the 
skull, and both normally bearing teeth (page 73). There is no middle ear 
(page 118) and no allantoic bladder, the latter being a structure which arises 
for the first time in the amphibia. These two negative characters are therefore 
also diagnostic. 

There are other characters found in one or other of the four classes which, 
though highly characteristic when they occur, cannot be called diagnostic, and 
it is the unequal distribution of these characters that makes the division of 
fishes into four classes desirable. A swim-bladder, for instance, is normally 
present, though it may be secondarily lost, in all fishes except the Chondricli- 
thyes, which never at any time possessed this structure.® The nasal capsules 
open by inlialcnt and exhalent apertures. These may be only partly separate, 
as in the Chondrichthyes, or may be completely separate, as in the 
Actinopterygii, where they are both dorsal in position. In the Choanichtliyes 
one pair is external, the other internal in the mouth, a character from which 
the group takes its name. The condition of the circulatory system, the structure 
of the brain, the urogenital organs, fins, and scales all yield characters which 
help to diagnose the four sub-classes. 

The kidney is a mesonephros with an occasional persistence of a few pronc- 
phric tubules. As in all gnathostomes, there are three semicircular canals in 
the ear. 

1 *1 hib is a diagnostic t hander (Jill slit* occur in the embryos of all vertebrates, but only 
in fishes do they lumtion m the adult 'I he external gills lound m some fishes and amphibia arc 
not homologous structures. 

1 Actually tho second pair, primitively there was a piemaudibulai arch which is represented 
in tho Agnatha. 

1 In tho Aphetohyoidea and other extinct groups this structure, a& also the condition of most 
other of the soft parts, ran only be burmiscd 
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CLASS APHETOHYOIDEA. 

In this class are now collected together a number of orders which show a 
wide range of adaptive radiation, and in some instances an app earance so 
un-fishlike that their zoological position has been one of uncertainty. Some 
have been thought to be Agnatha, some as being allied to the Dipnoi, and some 
to the Chondrichthyes. Although there is still a body of opinion that co nsider s 
the elasmobranch relationship to be fairly close, it can now be shown, or 
very probable, that all the orders here included in the Aphetohyoidea are united 
in having at least one character of fundamental importance in which they differ 
from all other Gnathostomes, and that is the possession of a complete hyoid 
gill-slit and, in consequence, a type of jaw suspension (see page 73) that is 
more primitive’than in any other class of Gnathostomc. 1 There are a number of 
other characters which suggest an ultimate common ancestor for all the orders, 
one which is probably most nearly approached by the Acanthodii. 

The sub-classes comprising the Aphetohyoidea are the:— 

Acanthodii, 

Arthrodira, 

Antiarchi, 

Petalichthyida, 

Rhenanida, 

Palaeospondylia 

Sub-Class Aeanthodll. 

This order contains the oldest known Gnathostomes. Appearing first in 
the Upper Silurian, it reached its maximum development during the Lower 
Devonian, at a time when other classes of fishes were only just beginning to 
evolve, and persisted until its extinction in the Lower Permian. 

Acanthodians are fish-like organisms, usually with elongated fusiform 
bodies, which, in* the final stages of evolution, became almost eel-like. The 
snout is blunt, the mouth terminal, and the eyes are large and forwardly 
placed. The tail is heterocercal, the fins are supported each by a strong 
anterior spine. There are primitively two dorsal fins (reduced to one in the 
later forms) and one anal fin. Between the pairs of pectoral and pelvic fay 
is an intermediate series of pairs of fins which increase in size as they proceed 
backwards. Primitively this series is more numerous, consisting of as many as 
five pairs, which suggests a derivation from an originally continuous fin-fold, 
but later the series becomes reduced to one small pair, and finally to none 
A pectoral girdle (Fig. 121) is present, consisting of a scapular and cor aco i d 

1 See Watson. Phil. Trans. Royal 5 oe., " The Acanthodian Fishes,” 1937. 
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part, to which the spine of the fin is affixed. The pectoral fin shows traces of 
basal elements, as does also the dorsal fin. The peripheral part of the fin is 
supported by ceratotrichia. 


Cm- 



Fig. I2X. — DjpUeanUtlu. Pectoral girdle. Adm.Pect.Sp . median pectoral spine; Cor. coracoid ; 
Sc. scapula; Denn.Pl . dermal plate; Lot Pect.Sf. lateral pectoial spine. (After Watson.) 


Externally the body is covered with scales of highly characteristic Appear¬ 
ance, being rhomboid in shape, and ornamented with striae, and so small as to 



Rut Sp 


Fig. 122.— CUnutini leticulatna. Ant.Lai . anterolateral dermal bone of the shoulder-girdle; 
Br.Ar . 1-4. dermal elements of the branchial arches and their opercula; J). Endo.Lym. foramen 
of Ductus endolymphatwus ; Eye, orbit; Iiy.Op. hyoid operculum; L.L. lateral lino; Mand. 
mandible; Mand.up. dorsal part of mandibular operculum; Mand. Ray, lower part of mandibular 
operculum; Pect.Sp. pectoral spine; Sc. scapula; Sup,Or.C. supra-orbital canal. (After Watson ) 

appear almost granular. On the head (Fig. 122) they are rather larger, and are 
arranged in a definite pattern. In section they can be seen to be made up of 
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layers of bone substance in a manner comparable to a ganoid scale. Teeth are 
usually absent, but, when present, seem to be derived from modified scales, 
and to be replaceable as iu the elasmobranchs, which is more probably a primi¬ 
tive feature than evidence of any dose connection between the two classes. 

As a rule, specimens of Acanthodii are found crushed flat, and not sufli- 
ciently well preserved to do more than indicate the external features, but 
specimens of the genus Acanthoiis (A. bronni) are known suffidently well 
preserved to allow a description of the neurocranium and visceral arches. 


Ant 0 » 



Fig. 123 —Aotnthodef. Skull, Ventral aspect Ant. has anterior basal, Ant Os an ten or 
ossicles; ? Ao. groove for dorsal aorta; Dor. Os. dorsal bone; Hvp. hot hypophysial foiamen; 
Jug C. jugular canal; Lat. Oc . lateial occipital, M. has. middle basal, Ot. N. foramina for 
occipital nerves; Ot. Pr At/ articulation for the otic piocess; Pat. has. Itf. articulation for the 
palatobasal process; Post Bas. posterior basal; Post Otb Col. post-orbital i olumn; A", notch 
for vagus nerve. (After Watson.) 

This form is somewhat late in time, and therefore more specialised than 
the earlier species, but nevertheless shows the essential features of the order 
and dass. 

The neurocranium (Figs. 123,124) jaws and branchial arches (Fig. 124) are 
largely cartilaginous, but ossified in parts by a layer of external perichondrial 
bone, a primitive type of ossification such as occurs also in some of the Agnatha. 
The ossifications of the neurocranium are not easy to reconcile with those of 
other Gnathostomes. They consist of paired lateral dorsal plates which may 
fuse, an anterior middle and posterior ventral plates, and in front five small 
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ossicles, one unpaired, supporting the rostium. A pair of lateral occipital 
ossicles, one lying on each side of the posterior ventral plate, but at a higW 
level, completes the list. The jaws consist of a stout palato-quadrate bar for 
the upper and the mandible for the lower portion. The interesting and im¬ 
portant point about these elements is that each ossifies from two centres, two 


Otivvt rtiBrl 




Int.Bas . anterior basal, Int.Os*. anterior ossification in the basis cronu, Ua.hr I basi 
branchial; Cer hr 1 -IT. ceralo-branchials; CerHy. ceratohyaJ, Cite Or 1 iruim-orbiLal bones, 
( or. coracoid, Dot Os. dorsal bone ot neurocranium, Jp.hr epibranchials 1 4, > R.Ao foramen 
for aorta, lfap hr & 7 /y. hypobranchial and hypohyal; JatOr lateral ossification in ncuio- 
cranmm, M Uill.Ch, margin of gill chamber, Mand.Avt. anterior ossification of Meekers 
caitilage, Maud Post, pnstwior ossification of Meckel's cartilage, Mattd Rav. ray of the mandi 
bular operculum , Mand.Spl . mandibular splint, Oc.N. foramina for occipital nerve, Ot.Pr Art 
articular facet for otic process, Pal has.Art. palato-basal articulation, Pal Qu Art anterior bone 
of palato-quadrate cartilage; Pal Qu Post. posterior bone of palato-quadrate cartilage; Prct . Sp. 
spine of pectoral Jin; be scapula; A, vagus foramen (After Watson) 


for the upper and two for the lower, so that the jaws are formed from four 
pieces, exactly as are the hyoid and subsequent gill-arches, evidence that the 
jaws are themselves modified gill-arches. Later in life a special ossification 
occurs in the otic process. The hyoid arch is complete, and takes no part in the 
jaw suspension, and is supplied throughout its length with gill-rakers, which is 
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sufficient proof that there was a complete hyoid gill-slit. In earlier forms a 
small operculum is present on each gill-arch, and a rather large* one on the 
jaws. In the latter forms the mandibular operculum gradually extends back. 



Fig. 125 —Outlines of Aranthodians. (After Graham-Smith.) 
1. Generahaed h ^otitefacal ancestor. ^ 

3- OimattlH murinatliE. Lower O.R.S. Forfar. 

4. Pueztil inmuvua. Lower O.R.S. Forfar. 

5- Iwlmananthns gnmiik. Lower O.R.S. Forfar. 

6. DipUoanttras taogispfniis. Middle O.R.S. Achanarras. 

7. MjtoMttm sp. Middle O.R S. Achanarras. 

8. Ma—wmflwpeadd Middle ORS. Achanarras. 

9* Chctncanthni uddMUhoL Middle O.R S. Achanarras. 

10. Aoanthodaa oaodnima. Upper O R s Sesumenac. 


at first to cover the lower part of the gills, and finally to take over the whole 
function of covering them, so as to produce an operculum comparable in 
extent and external appearance with that of the later bony fishes. 






' PHYLUM CHORDATA I5g 

The Acanthodians (Fig. 125) may be classified into four families: the 
Di pl aca n t hi d g , with two dorsal fins and the ventral fin spines well mrfc«wi 
(Dipiacantkus, Parexus, Climatius) ; the Acanthodidae, with a single dorsal fin 
and a tendency to the reduction of the ventral fin spines {AcatUhodes, 
C heir acanthus, Mesacanthus) ; the Ischnacanthidae, with two dorsal fins 
and simplified ventral fins and well-developed teeth (Ischnacanthus) ; the 
Gyracanthidae (Gyracanibus) arc probably Acanthodians, but are as yet 
insufficiently known. 


Sub-class Arthrodlra. 

In external appearance the Arthrodira seem, at first sight, to be very 
different from the Acantliodii. The head is always protected by bony plates 
united to form a strong cranial roof, which is articulated by means of sockets to a 
pair of condyles on an equally strong bony cuirass covering the anterior parts 
of the body. These plates are usually ornamented by tubercles. The remaining 
free part of the body, when known, tapers to a whi^like tail, and is either 
naked or, in some, covered with scales. A dorsal tin is commonly present, 
and a pair of fins on the ventral side must be regarded as representing the 
pelvics. Free pectoral fins do not occur, but are represented by an immovable 
spine on each side, which gradually becomes reduced almost to extinction. Hie 
presence of an operculum covering branchial arches can be inferred. The 
vertebral column, when known, has a widely open notochord, well-developed 
neural and haemal arches, but no centra or ribs. Jaws and teeth, the latter 
rather soon worn down, have been seen in .some forms, and may be presumed 
to have normally been present throughout the group. 

Arthrodires, which arc not known to occur outside the Devonian period, 
may be classified as follows: 

Acanthaspidomorphi: Monaspidae. 

Mediaspidae. 

Polyaspidae. 

Ptyctodontid®. 

Coccosteomorphi: Coccosteid®. 

Homosteidae. 

Mylostomid®. 

The Acanthaspidomorphi are the mure primitive, and, except for some Upper 
Devonian Ptyctodonts, ranged from the Lower to the Middle Devonian. 
The Monaspidae (Fig. 126) have a head and carapace with the plates firmly 
united and the sutures hardly visible externally. In the Mediaspide the 
sutures are still firm, but more noticeable, while in the Polyaspidae and 
Ptyctodonids they became so loosely united that specimens are never found 
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maybe taken as typical of the rest. Ike head and carapace (Fig. 127,128,129) 
are stout, and occupy about a third of the total body length. The body was 



*IG. 128*.— CoooMteufl totfptau. Restora¬ 
tion of paJAtnl vitw. A S G , P s G. anterior 
and pnsteuor tooth plates, Pre 0 * Ptor pic 
orbital process, Sub. Of. sub-orbital bone 
(Vfter Watson) 


Tig 1286 —(taccoitaif dsQiptom Head 
plates of the left side. R rostial plate. 
P pineal plate, P10 , Pto pre- and post- 
orbitals, Pm post-median. C central, M. 
marginal; Mlt median basal, I li exlero 
basal a lateral line canals. (\ftor Heintz) 


apparently naked, and ended in a whip-likc tail. A dorsal fin and a pair of 
pelvic fins and a cut ions " anal ” plate are the only appendages, except for a 




Fie 120 — OodDMtona dfleiptou, Sbonldei gndle in side and ventral view S p spine, 1 L. 

infero lateral • K. articular process foi licad. Other letteis as in tig. 131 (Afti‘r Iterate.) 

reduced spine on each side representing the pectoral appendage. The vertebral 
column is as that described above as typical of the Arthrodires in general. 
The h» a ^ (Figs. 128a, b) is covered along the mid-dorsal line by three unpaired 
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plates, a rostral in front followed by a pineal, both small, and by a large median 

plate at the back of the skull. All other plates are paired. Of them one pair, 

the centrals, meet in the middle line, and along each side, reckoning from the 

front, are the pairs of post-nasals, pre-orbitals, marginals, post-marginals and 

extemo-basals. The eyes are supported each by four sclerotic plates, and 

below them are the sub-orbital and post-sub-orbital plates. This arrangement 

is so different from any fishes outside the Aphetohyoidea that any attempt to 

homologise the plates with the head-bones of " bony " fishes is unworkable. 

The jaw apparatus (Fig9. 127, 128) 

consists of a median and two pairs of 

tooth-plates in the upper jaw, and a 

partially ossified meckels cartilage in 

the lower. The shoulder-girdle and 

cuirass (Fig. 129) arc formed by a 

large median dorsal plate above and, 

along the sides, paired anterior and 

posterior dorso-Literals, below which 

are the paired anterior and posterior 

laterals. The floor of the box is formed 

by two unpaired bones in the front 

central part, the anterior and posterior 

median ventrals, and by two pairs of 

lai ger plates, the anterior and posterior 

ventro-laterals. The front part of this 

base is braced together by a transverse 

pair of rod-like bones, the intcro- 

“dSftrcd' laterals, between whose outer ends 

c. antoro-lateral, somewhat displaced ; ae and the anterior laterals is fixed the 
rostral, o orbit; other letters as in Fig. 131 , . , .. 

(After Iraquair, from Smith Woodward.) smail pectoia.1 SplflC on 6a.en side. 

These structures are all to be found in 
the other families of the onler, and are subject only to changes of shape and 
proportion— e.g., Dinichihys and Ttianichlhys (where the lateral spines have 
almost vanished), Brachydirus, Pachyosteus, etc. The Homostcide (Homosteus 
(Fig. 130) and Heterostem, (Fig. r3i) have the orbits completely enclosed 
within the head-shield by a forward extension of the post-orbital, and the 
antero-lateral plates of the shoulder-girdle project forwards to embrace the 
head (Fig. 131). The Mylostomidae have smooth plates and the dentition 
arranged as crushing plates. 

Sub-Class Antiarehl (PteriehthyomorphI). 
like the Arthrodira, the Antiarchi are provided with a strong armour over 
the head and shoulders, but with a somewhat different arrangement of the 
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plates, and with a different method of articulation of the head to the body 
the sockets being in this case on the cuirass and the artic ulating processes on 
the head. The pectoral appendages axe of a much more elaborate structure. 

Pterichthyodes (Pierichthys) (Fig. 132) may be taken as the type of the sole 
family, the Asterolepidas, the genera differing only in relatively unimportant 
details. The eyes are placed close together on the top of the head, a mmlifiratinn 
which is no doubt responsible for a rearrangement of the plates. Between the 



lit.. 131.—Heterosteos. I. angular; A PL. antcru-dorw-latn.il AL. anterior lateral; C. 
central; to. exorcipital (extern basal;, ’ll. marginal, AID. median dorsal; P. pineal, PM 
posterior dono Literal; PI. posterior liter il, l'l 0 . po.t oibital; P> 0 . pre-oibitJ, K rostral; 
it), sub-orbital (A/ti r Hei it/) 

eyes lies a pine.il plate, which is unattached to the neighbouring bones, and it is 
probable that then* is another small prepineal plate just in front. The eyes 
are protected each by a saucer-likc bone, which may be a series of fused sderotics. 
This bone is found lying directly over the eye, so as, apparently to prevent any 
sight. Probably in life the eyes projected somewhat after the fashion of the 
living goby Perioplithalmus, and these plates could be turned aside. The other 
head-plates are for the most pari firmly united. There is a single premedian 
plate in front extending back to the orbit, and behind the orbit arc the unpaired 
post-median and nuchal plates. At the sides arc a large opercular and a smaller 
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sufflaminal plate, both free along their outer borders. These overlie a space in 
the shoulder region, and together form the gill-chamber. On the inner side 
of the sufflaminal plate on each side is a lateral plate whose inner border 
articulates with the nuchal, and which carries a shelf-like projection fitting 
into a socket on one of the shoulder-plates to allow of some movement of the 
head. The cuirass is formed by a large median dorsal and a posterior dorsal 



Fig. 132 —PtencUbyodei. Upper figure in side 1 view T eft-hand figure u dorsal, ngbt-hand 
figure in ventral view. ADL. antero-doreolateral, AVI., antero-vcntroUteral, AID. median 
dorsal; MV. median ventral; PD. posterior dorsal, PDL. posterior dorsolateral; PVL. pos¬ 
terior ventrolateral; S. semilunar plate. 


plate, both unpaired. Along the sides are the anterior and posterior dorso- 
laterals. The floor is made up anteriorly by a pair of anterior ventro-lateral 
plates, which enclose between them a pair of small se mil unar plates, and 
posteriorly by a pair of posterior ventrals. Between these pairs lies an un¬ 
paired median ventral. The anterior ventro-lateral plate have at their sides 
an excavation to hold the condylar head of the " arms ” or pectoral appendages. 
These are highly developed, and are the leading characteristic of the order. 
They arc formed of a number of plates, closely united except for a flexible 
joint dividing them into a proximal and distal section. The aims were hollow, 
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and provided with internal muscles, nerves and arteries. The jaw apparatus 
consists of a pair of large superognathals which bear a notch at the side, into 
which is fitted a small elongated element, and this in turn articulates4pith a 
third. The system therefore corresponds to some degree with that of Coccosieus. 
IDie lower jaws, except for being rather more weakly developed, are exactly 
like those of CoccosUus . 

The trunk is protected by well-developed scales and terminates in a 
heterocercal tail with a ventral web. A single dorsal fin is present supported by 
an anterior spine, and a series of fulcral scales runs along the upper border of the 
body from the fin to the tail. In this genus there are no pelvic fins. 

Another well-known genus is Bothrioleph (Fig. 133), which had a naked body, 
an extra plate on the head and a pair of fleshy protuberances at the ventro- 



Fir. J33.--Bothriolepii. (After Patten.) 


lateral border of the cuirass which arc supposed to represent a pair of pelvic fins. 
Remigolepis lacks the median joint to the pectoral fins. Microbrachius and 
Asterolepis, Ceraspis and Ceratolepis are other recorded genera, and differ only 
in s mall particulars. The whole sub-class is very compact, and was confined to 
the Devonian period. 

Sub-Class Petalichthyida (Anarthrodira). 

The Petalichthyida depart somewhat from the plan of Coccoiiteus and the 
other Arthrodires. In the first place, the ball-and-socket joint between the head 
and body does not exist, the pattern of the head plating (Fig. 134) is somewhat 
different, and the pectoral and pelvic fins are constructed on a very different 
plan. On the other hand, the facts that the neurocianiuin (very well known 
in Macropeialichthys) (Fig. 135) so much resembles that of an Acanthaspid, 
and that the hyoid arch look no part in the suspension of the jaws, are evidence 
that the order is rightly placed in the class of Aphetohyoidea. Certain charac¬ 
ters have caused some authorities 1 lo look upon these fishes as allied to the 
lilasmobranchs. The paired fins in particular have been cited as evidence, 
and the structure of the shoulder-girdle, the tribasal pectoral fin (Fig. 137), and 
the CladoselacheAxke pelvic fin arc undoubtedly points of resemblance. The 

1 See especially Sten&io no. 47 and Heintz no $$ in the Appendix on Literature. 
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shoulder-girdle, however, is equally like the primary girdle of such Acantho- 
dians as Clmattus or Dipkeanthus, and the tribasal pectoral fin is paralleled, 
except for the absence of a spine, by that of Aeanthodes. Moreover, a tribasal 
fin at this period is too advanced in structure to lead to the more simple but 
later fin of the earliest known elasmobranchs, such as Cladosdache. The 
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Fig 134.—Bpipetallohthyi wUdungenns, Dorsal head-plate*. L.1-1 Utcr«dpl.ites, M 1-2. 
central plates; P. 1-2 external plates, -S position of posterior plates, d. end. Durtus endo* 
lympbatims, ifc. infraorbital sensory canal, Ir lateral lino on head, A la. nasal opening; 0 If 
olfactory capsule; orb orbit, pjg. anterior vat uity; *t com t oronussure of senstirv c mal, 
see. supra orbital sensory canal (After Stensio) 


pelvic fin certainly resembles that of Cladosekcltc, but is of a type that is found 
equally in the early sturgeons and Palxoniscids, and is too generalised and 
primitive to be of much value as evidence of any particular affinity. Other 
elasmobranch characters, such as the ventral position of the mouth and the 
flattening oi the neurocranium, may be accounted for as the result of adaptation 
to a bottom living life. The different arrangement of the head-plates from the 
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general arthrodire pattern is not so great as appears at first sight, the chief 
difference being along the mid-dorsal line, which might be put down as the 
result ol a secondary fusion. 




I ig 135 BKocropetalichthys rapheidolabu. Neuiocranmni 111 side (upper bguie), dorsal (left 
hand figure) and ventral (right liiud liguit) \wws a oft optic artn> c ca 1 ext external 
tarotid c hy hvoid vein, 1 opth sup V ? ciptliiliiiu 1 imus of \ th nerve ch u groove for 
notochord c pal , palitine hr in li of \ IIth 11c r\c 01a torii cl dorsal branch of Xth nerve 
it od dors il occipital enst n it laterd occipital uc&t u sp crinio spinal process, d IX 
dursil branch of TXth 11cm d aid ductus cndol>mphatu us / art hm ? facet for hyomandi 
bular j end endolvmplntic fossi J m loi imen magnum hr nr h«rmal groove, ju mandi 
bularvnn, 71 / lateralis nei\< u a in si 1 opening nf nasal font inelle olf nasal capsule 
orb orbit par pineal opening />/„ antcnoi \ icuitv pf p istcio latcidl piocess of occipital 
region; t pal palatine lamus of \ II th nene a ia 1 lotofaorti s external opening for Xth 
nerve (After Stcnsio) 

In tins snb-<lass au pLutd the gent 1.1 Maaopdalicfithys (Fig 136) a Middle 
Devonian form, btensivella (Pig 1 }8) of tin Lowtr Devonian, bpipdahehthys 
of the Upper Devonian and perhaps tiatosclachc of the Lowei Carboniferous 

Sub-Class Rhenanidi. 

Ihis oidei comprises onl> two families tin Ast<*iosteida (Gemuettdttui, a 
Lower Devonian and A&teroslcus, a Middle Devonian foim) and the Jagonmdae 
(with a sole genus Jagonna in the Upper Devonian) In these fashes the cranial 
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bones axe not 



greatly developed, and become progressively less so during the 
Devonian Period, so that in Jagorina they are reduced merely 
to bony tubercles, 

Gemuniina (Fig. 139) is the best-known form; obviously 
a bottom-living animal it has, by convergent adaptation, 
acquired very much the shape of a living skate. The head 
has on the top a central plate of bone, and ranged on each 
side are three pairs of plates which do not articulate, but are 
surrounded by areas of skin-bearing tubercles. The large 
pectoral tins were supported by a secondary elongation of the 
radials, and behind them are the smaller, flattened pelvic fins. 
The body then tapers to a pointed tail. A dorsal fin is 
present supported by an anterior spine much as in Acanthodes 



Fig 137.- MocropeUlichthji proemieniif. Co. 
coracoid; S. scapula ; Po., Mo., Mt. pro-, meso 
and mctapterygia; R. radials. (After BroOi.) 


or Vterichthyoies. Behind this fin is a row of dorsal spines, 
and there is a row oi similar spines on each side which start 
from a point just behind the pelvic fins and run to join the 
dorsal row at the end of the tail. The pectoral girdle (Fig. 
140) is'comparable with that of a Ptyctodont, but lacks the 
lateral spine. 

It will be seen from the foregoing account that, while 
fuller details are still required in several directions, there is 
sufficient evidence to warrant the bringing together of these 
fislies into a class separate from other fishes. There is a 
general similarity in the external skeleton of the Arthrodira, 
Antiarchi, and Petalichthyida, and the Rhenanida can be 
related to the latter order as relations with a reduced armature. 


The presence of gills supported on branchial arches and covered by an 


operculum can be demonstrated in some instances, and from them the presence 
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A? giljs ol a similar type can be reasonably inferred in the others* Lbejaws, 
when known, show no signs of aiiy hyoid suspension, f^om which the 
aphetohyoid condition with its complete hyoid gifl shtnaturafly follows.' 

! Tte Acanthodii,although they have undergone an adaptive radiation of 



Fig. 139;—-Oemuendiiu aturtiL 


... ■ ■ a ■ ■■ 1 

Fig. 138.—Btcnitflrila hemta. 

(After Broili;) 

their own, give, in the basal facts of their anatomy, a reasonable picture of an 
ancestral form from which the other highly specialised orders could have 
evolved, 

Sub-Class Palffiospondylla. 

Palaospondyhts gunni, the sole representative of this sub-class, occurs 
only in two • restricted areas of the Mid-Devonian of Caithness in Scotland. 
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From the time of its first discovery by Traquair in 1890 it has been the subject 
of much speculation, and has in turn been considered either as the larva of a 
»dipnoan fish, of Coccosteus, or of an amphibian; as a fish of Chrondichthyan 
affinity, and even as a teleost. Until quite recently the general consensus of 
opinion has been that its nearest affinity was with the Agnatha, and certain of 
its features have led some to see in it a relationship, possibly ancestral, with 
the Myxinid*. 

Recent work by Moy-Thomas 1 on new, as well as on a revision of old, 
material now shows that Palaospondylus is not a member of the Agnatha, but 


A In Lat B In.Lat 



Fib. 140.—flu «nnnriing iturtaL ltcsloratiun of tlie hont pait of the body, with Die head 
removed. A.D.L. antero-dorsolateral; A I„ antero-latrr.il, In. Lat. inter-ldtcral; M.lt. median 
dorsal; Peit. pectoral fin; Pact Ant Mat. anterior margin of petoral fin; Pelt), pelvic An, Vert. 
vertebral column. (After Watson) 

that it is a true gnathostome, and is to be regarded as forming a sub-class of 
the Aphetoliyoidea. 

Palaospondylus gunni is a small fish, reaching a maximum length of about 
two inrhes, which occurs in great numbers in certain layers of the flagstones 
of a small quarry at Achanarras in Caithness. Unfortunately the preservation 
of only a very few specimens is sufficiently good to yield details of the structure. 
There is a depressed skull, a well-caldfied vertebral column and a heterocercal 
tail. The fin-rays of the ventral lobe of the tail arc longer than those of the 
dorsal, and the lower iadials are two-jointed and the second row bifurcated 
(Fig. 141a). Faired fins were present, and traces of pectoral and pelvic girdles 
have been observed. In the vertebral column the neural arches are low in 

1 I>r. Moy-Thomas 1 description is not yet published (March 1939). T am indebted to him for 
information as well as for the two figures.—C, F-C. 
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front, but gradually lengthen into neural spines as the tail region is approached. 

TheSl« 7 e T S l0rt 4 ]l2imal ribfa v ' llid ' Posteriorly become hJS^es. 
The vertebral centra are stout and ruig-shapcd. The neurocranium (Fig. 141*), 

with its nng of tentacles in front, is complicated, and the interpretation of 




Fig. 141 —Palcwipofidyhts g until A Complete animal llie head and autenni virtebr* in 
dorsal view, the posterior vertebras and tad in lateral view ( f centrum, Hi. h.nnal arch; 
NA . neural an h ; PC?, pectoral girdle , P\ . pelvic girdle , Ul radials. 

B. Head m central view. An anterior median palatine; APQ. anterior pari ol potato* 
quadrate; Hi. branchial artli; BB. basibranclual, CP. reratoh>al; lfy. hyomandihnlar; 
A! A. mandible, PPQ. posterior part of palatoquadrate. (After Mo> Thomas.) 

some of its structures presents some difficulties. At fust sight it gives the 
impression of a larval condition, but against this view is the fact that much of 
it is calcified, and that the vertebral column is fully calcified even in the 
smallest specimens. It is dorso-ventrally compressed, complete and fully 
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cakafiftd as regards its ventral surface and sides, but lacks a roof where no 
calcification has taken place. The auditory capsules are large, and form the 
end of the neurocranium. The upper jaws (Fig. 141, APQ, PPQ) are formed 
by a pair of elements, an anterior and posterior palatoquadrate, on each side. 
The lower jaws are represented by a single pair which end bluntly (MA). If, as 
seems possible, there was an anterior uncalcified piece on each side, the jaw 
apparatus would be comparable to that found in the Acanthodii (see Fig. 124). 
The hyoid arch (HY, CE) is complete, and takes no part in the support of the 
jaws which is aim an aphetohyoidean character. 

A pair of ventral elements lying posterior to the auditory capsules repre¬ 
sent a branchial arch, and a small element lying outside the second of these is 
considered to represent part of the pectoral girdle. 

If these structures are correctly interpreted, it seems that Palaospondyltts 
is correctly placed in the Aphetohyoidea 

CLASS CHONDBICHTHYES (ELASMOBRANCHU SELACHU). 

This class comprises the living sharks, rays, and chimseras, together with a 
number of extinct orders. The characters of the class as a whole are that the 
skeleton is entirely cartilaginous, in which there may be some calcification, 
but no true bone. An operculum is not present, except in the Holocephali, 
and the gill-slits open directly to the exterior. The gills are laminar (p. 85). 
A cloaca is present whose external opening serves as a common outlet for the 
rectum as well as the renal and reproductive ducts. In the circulatory system 
a rhythmically contractile conus arteriosus with several transverse rows of 
valves is always well developed. The venous system is expanded in places into 
large sinuses which do not occur in other fishes, and therefore may be con¬ 
sidered as one of the diagnostic characters of the class, as are also the com¬ 
plicated daspers in the male (absent only in one extinct sub-class, the 
Pleuropterygii), and the large and highly organised egg-cases produced by the 
female. Fertilisation is, with few exceptions, internal, and many species are 
viviparous. The large spiral valve in the intestine and the abdominal pores are 
characteristic, but occur in some other fishes. The body is normally covered 
with placoid scales, which in practice may be considered as diagnostic. 1 

Chondrichthyes appear for the first time towards the end of the Devonian 
period, and the more modem types not until the Carboniferous, so that the 
class as a whole appears somewhat later than the other three classes, all of 
which appear during the Middle Devonian or earlier. 

1 Small dentilles indistinguishable histologically fiom placoid scales have been found m some 
other fishes— e.g , Leptdosteu* and in the Siluroids or " Cathshes ", An explanation of the occur¬ 
rence of such scales in addition to the ordinaiy kind in these actinopterygians presents some 
difficulties, and there ir as yet not enough evidence to show whether they are persistent or new 
structures. 
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Sub-Class Pleuropterygli (Cladoselaohll). 

Extinct, shark-like Chondrichthyes with a fusiform body, hetearecercal tail 
with a large lower lobe, and horizontal keel-like fin on each side of the caudal 
pedunde. In this pair of lateral expansions, which stand out at right angles 
to the body, there are basal elements, but apparently no radials. The 
structure is not known id any other fish, and is not easy to homologise. Ho 
anal fin has been described, and appears to be absent, and it has been suggested 
that these keel fins represent a doubled anal fin. The mouth is subterminal 
and without any pronounced rostrum. The tody is covered with small 
dentides, whose minute structure is as yet unknown. The teeth are typically 
selachian, and consist of a long, thin, pointed main cusp with smaller lateral 
cusps fixed on a broad base. The jaw suspension was amphistylic, and the 
notochord unconstricted. The absence of daspers in the male is a feature unique 
in the Chondrichthyes, and may be regarded as a very primitive character. 



Fib. 142 - Cladoselaohe fyleri. Hie dm sal spine as lound in its natural position Ihc neuro- 
cramum and jaw* arc fium specimens in the Cleveland Museum of Natural History. (Modified 
by J. E. Hams after Dean ) 

The pectoral and pelvic fins show a very wide basal attachment to the body, 
and were without the anterior and posterior constriction from the tody-wall, 
which is usual in the paired hns of almost all fishes The skeleton of the fins 
consists of parallel cartilages of simple structure. These features, together 
with wliat is known of the rest of the anatomy, suggest that the sub-class 
represents the most primitive selachians as yet known. 

Cladosdaclte fyleri (Fig. 142) ,* from the Upper Devonian, is the best-known 
form, and Cludodut, and Symmorium are related forms ranging from the Upper 
Devonian to the Upper Carboniferous. 

It is possible, although complete proof is still lacking, that the Pleurop- 
terygii represent part of the ancestral stock from which the other Chondrichthyes 
have radiated. Excluding the somewhat specialised Ichthyotomi mentioned 
below, there seems, broadly speaking, to have been two main radiations. 
One of these, composed of the Bradyodonti and Edestids, eventually gave 

1 Wan in, j. E. (" Scientific Publications of the Cleveland Museum," VIII, no. i, 1938). slum 
t the presence of a dorsal spine, 
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rise to the Holocephali, while the other produced the Ctenacanthidae and 
Hybodontid® which are on the line oi the modem sharks and rays. 

The Bradyodont sharks are for the most part known only by their dentition. 
They are characterised by having only a small number of teeth in use at a 
time, and also by the small number of series of teeth in succession. They are 
composed of tubular dentine similar to that of the teeth of the Holocephali. 
There are four families: the Cochliodontidx, Petalodontidae, Psammodontidae, 
and Copodontida;, which differ from one another in the shape and arrangement 
of the teeth. The number of described genera and species of Bradyodonts, 
which range from the Upper Devonian to the Permian, shows that this group 
was an important one during paleeozoic times. 

The Edestidae, lower Carboniferous and Permian fishes, are specialised 
forms, in which the teeth on the symphysis of the jaws were enlarged and fused 
into a coil which either fell away at intervals or persisted throughout life as an 
" ammonite "-like spiral. 



The Ctenacanthidae (Fig. 143), which are found from the Upper Devonian 
to the Permian, were advanced from the Pleuropterygii in the greater develop¬ 
ment of the spines to the dorsal fins, in the paired fins being a little, but not 
much, advanced beyond the condition found in Cladosdache. The llybodonts 
likewise had spines to the dorsal fins and several series of teeth in function 
at once. 

Sub-Class Iehthyotoml (Pleuraeanthodil). 

These are extinct Chondrichthycs in which the pectoral fin has acquired the 
form of an “ arebipterygium,” an elongated axis, that is to say, extending out 
from the body and bearing pre- and post-axial rays. The post-axial rays are 
fewer in number than the pre-axial, which may be a primitive feature. The 
only satisfactorily known species is Pleuracanthus decheni (Fig. 144), which 
occurs from the Carboniferous to the Permian. It is clearly in many respects a 
specialised form. The long body, with its slender diphycercal tail, a continuous 
fin fold along the back, the anal fin with its unusual fore and aft duplication and 
direct suspension from the heemal arches, and the long, movable spine on the 
head, all point to a considerable degree of specialisation. Scales have not been 
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observed, and are thought to have been absent. The presence of daspets in 
the male is a typically chondrichthyan feature. Tike other Chondrichthyes, 
the Tchthyotomi are presumed to have branched off from the early Pleurop- 


terygian stock, but to have given rise to no 
successors. 

Sub-Class Euselaehii. 

The living and extinct orders of this sub-class, 
which occur from the Mesozoic periods onward, 
ate distinguished, in addition to the general 
characters of the class, by having numerous 
teeth developed in continual succession, and by 
the pectoral fins having three basal pieces (the 
fro-, mtso-, and meta-pterygium), from which a 
number of pre-axial raclials spread out. 1 

The sub-class is divided into two orders, the 
Pleurotremata (sharks) and the Hypotremata 
(rays), chiefly on the position of the gill-slits 
which are lateral in the first group and ventral 
in the second. That the division is a fairly 
natural one is upheld by the following addition'll 
differences. In the Pleurotremata the anterior 
margin of the pectoral fin is free from the body, 
the pectoral radials arc simple and of few 
segments, and, as a rule, only the anterior ones 
reach the free edge of the fin; the two halves 
of the pectoral arch are well separated above. 
In the Hypotremata, on the other hand, the 
pectoral fin is joined to the side of the body 
or to the head, the pectoral radials are numerous, 
multi-segmented, bifurcated at the ends, and all of 
them reach the free edge ol the fin. The halves 
of the pectoral girdle either fuse with one 
another or else both luse to the vertebral column. 
There is a further difference, in that the skull 
of the Pleurotremata is without cartilages 
attached to the olfactory capsules, and the 
pterygo-quadrate has a process articulating 
with, or attached by ligament to, the cranium. 



In the skull of the Hypotremata there are paired prcorbital cartilages 


.attached to the olfactory capsules, which are often very well developed, and 


1 In the H>bodonts and in eaily stages of some Kuselachu there are tidies ol reduced postaxial 
radials. 
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the pterygo-quadrate has no articulating process to the skull. Finally, in 
the Pleurotremata the hyomandibular and ceratohyal both bear cartilaginouB 
rays, and both take part in supporting the first gill. The ceratohyal is a single 
cartilage, and is attached to the lower end of the hyomandibular. In the 
Hypotremata the hyomandibular lacks rays, and so takes no part in the support 
of the gill, and the ceratohyal is segmented and attached to the hyomandi-, 
bular either high up or not at all. 



The Pleurotremata can be divided into three sub-orders chiefly on the 
number of dorsal fins, on the presence or absence of spines on these fins and on 
the presence or absence of an anal fin. These sub-orders are the Notidanoidea, 
Galeoidea, and Squaloidea. 

The Notidanoidea include the most primitive of living sharks— i. e. t 
Chlamydoselachus (Notidanus) (Fig. 145) -the Frilled shark; Heptranchias 
and Uexanchus, and are characterised by the simple vertebral column with its 



Fig. 146.— Porbeagle Shark (/ amna comubica). (From Dean's Fishes.) 


unconstricted notochord, the sub-terminal mouth, single spineless dorsal fin, 
and the presence of more than five gill-slits. 

In the Galeoidea there are two dorsal fins without spines, an anal fin, and 
five gill-slits. The four families are the Odontaspidae— i. e., Oiontaspis (the 
“ Sand shark ") and Scapanorhynchus (Miisukurina ), (the “ Goblin shark "). 
The Lamnide with numerous genera such as Lamna (the " Mackerel sharks''), 
Carcharodon (“ Man eaters'’), Cetorhinus (“ Basking shark ”), I sums (Lamna) 
" Porbeagle ”) (Fig. 146), and Alopias (the " Thresher "); the Orectolobids 
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(the " Carpet ” and “ Tiger " sharks), Oreclohbus and Stegostoma ; the Scylior- 
hiiudc; Scyliorhinus (the "Dogfishes”), and lastly the Carcharinidfe, with 
Carcharinus (the " Blue " sharks), Galeus (" Topes ”), MusUlus (the " Nurse 
hounds '*) and Sphyma (the “ Hammerheads ”). 

The Squaloidea have two dorsal fins, each with an anterior spine, and an 
anal fin which may at times be absent. In this order are placed the Hetero 
dontidse (the *' Port Jackson sharks ”), Squatinidae, Squatina (the " Angel 
or Monk fish ”), the Squalidae, Squahts (the " Spiny dogfishes ”), the Pristio- 
phoridae (the " Saw sharks ”) and others. 

The Hypotremata arc divided into two orders: the Narcobatoidea or 
" Electric rays,” and the Batoidea, which include all other skates and rays 
such as the Khinobatidae (the “ Guitar fishes ”), the Pristidse (the '* Sawfishes ”), 
Myliobatidee ('* Eagle rays ”), Kaiidse (true " Skates and Kays ”), etc. 



Fig. i); Dogflsb (Brtehalaraa modeatu;. lateral view. (Alter Waite) 


Example of the Sub-Class : A Dogfish (Scyliorhinus 
canicula or Rrachalurus modestus). 

General External Features.— The general shape of the body (Fig. 147) may 
be roughly described as fusiform; at the anterior or head-end it is broader and 
depressed; posteriorly it tapers gradually and is compressed from side to side. 
The head terminates anteriorly in a short, blunt snout. The tail is narrow and 
bent upwards towards the extremity. The colour is grey with brown markings, 
or dark brown above, lighter underneath. The entire surface is covered closely 
with very minute hard placoid scales or dermal teeth, rather larger on the upper 
surface than on the lower. These axe pointed, with the points directed some¬ 
what backwards, so that the surface appears rougher when the hand is passed 
over it forwards than when it is passed in the opposite direction. 'When 
examined closely each scale is found to be a minute spine situated on a broader 
base. The spine consists of dentine covered with a layer of enamel; the base 
is composed of bone-like substance, and the whole scale has thus the same 
essential structure as a tooth. Along each side of the head and body runs a 
faint depressed longitudinal line or slight narrow groove—the lateral line, 
marking the position of the lateral line canal, which contains integumentary 
sense-organs. 

* VOL. 11. 
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As in Fishes in general, two sets of fins are to be recognised—the unpaired 
or median fins, and the paired or lateral. These are all flap-like outgrowths, 
running vertically and longitudinally in the case of the median fins, nearly 
horizontally in the case of the lateral: they are flexible, but stiffish, par¬ 
ticularly towards the base, owing to the presence of a supporting framework of 
cartilage. Of the median fins two—the dorsal —are situated, as the name 
indicates, on the dorsal surface: they arc of triangular shape; the anterior, 
which is the larger, is situated at about the middle of the length of the body, 
the other a little further back. The caudal fin fringes the tail: it consists of a 
narrower dorsal portion and a broader ventral, continuous with one another 
round the extremity of the tail, the latter divided by a notch into a larger, 
anterior, and a smaller, posterior lobe. The tail is heterocercal, i.e. the posterior 
extremity of the spinal column is bent upwards and lies in the dorsal portion 
of the caudal fin. The ventral or so-called anal fin is situated on the ventral 
surface, in Scyliorhtnus, opposite the interval between the anterior and posterior 
dorsals, in Hemiscyllium behind the latter; it resembles the latter in size and 
shape. 

Of the lateral fins there are two pairs, the pectoral and the pelvic. The 
pectoral are situated at the sides ot the body, just behind the head. The 
pelvic, which are the smaller, are placed on the ventral surface, dose together, 
about the middle of the body. In the males the bases of the pelvic fins arc 
united together in the middle line, and each has connected with it a clasper or 
copulatory organ. The latter is a stiff rod, on the inner and dorsal aspect of 
which is a groove leading forwards into a pouch-like depression in the base of 
the fin. 

Tire mouth - a transverse, somewhat crescentic opening —is situated on the 
ventral surface of the head, near its anterior end. In lront and behind it is 
bounded by the upper and lower jaws, each bearing several rows of teeth with 
sharp points directed backwards. The nostrils arc situated one in front ot 
each angle of the mouth, with which each is connected by a wide groove—the 
nasobuccal grove. In Brachalurus the outer edge of the groove is prolonged into 
a narrow subcylindriral apjiendage—the barbel. A small rounded aperture, 
the spiracle —placed just behind the eye—leads into the large pharynx. Five 
pairs of slits running vertically on each side of the neck—the branchial slits — 
also lead internally into the pharynx. A large median opening on the ventral 
surface at the root of the tail, between the pelvic fins, is the opening leading 
into the cloaca, or chamber forming the common outlet for the intestine and 
the renal and reproductive organs. A pair of small depressions, the abdominal 
Pores, situated behind the doacal opening, lead into narrow passages opening 
into the abdominal cavity. 

The skeleton is composed entirely of cartilage, with, in certain places, 
depositions of calcareous salts. As in vertebrates in general, we distinguish , 
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two sets oi elements in the skeleton—the axial set and the appendicular, the 
former composing the skull and spinal column, the latter the limbs and their 
arches. 

The spinal column is distinguishable into two regions- -the region of the 
trunk and the region of the tail. In the trunk-region each vertebra (Fig. 148, 
A and B) consists of a centrum {<), neural arch («.«.), and transverse processes 
{tr.pr). In the caudal region there are no transverse processes, but inferior or 
hemal aiehes (C, D, h.a.) lake their place. The centra of all the vertebrae are 
deeply biconcave or amphicaclous, having deep conical concavities on their 
anterior and posterior surfaces. Through the series of centra runs the noto- 




I'ig. 14b— Voitions of flic \ertehril column of Scyliorhinus oamonla. 4 and B, from tlic 
trunk, C and J>, fiom tlio middle of the tail, 1 and ( luo vertebra* m longitudinal section; 
U ind /), single \erlebra, vit\ud fruin one end h taluiifd portion ot centrum c centrum; 
lot (niamen for dorsal, and /«i' lor \cntral loot ot spinal xu j\i h a hjcmal arch (basi-ventral), 
h c ha malt anal, // \p ha mal spine, t « p inten alary pu u pntudoisal, 01 mterneural plate), 
n a neural arch , n ( ncuiil t anal, n p neural plate (basi dot-.a I) // \p neural spine, vtc 

intei wrtohraL substance (leiiums oi notochord), r. pit vinial portion of nb, tr pr transverse 
process (liasal stump) (l*rom Vaikoi's PtactualZ ooIqq\ j 

’ (hord [ntc), greatly constricted in the centrum itself, and dilated in the large 
spaces formed by Ihc apposition of the amphiccrlous centra of adjoining 
vertebra, whete it foims a pulpy mass. The concave anterior and posterior 
surfaces of the centra are covered by a dense calcified layer, and in BracJudurus 
eight radiating lamellse of calcified tissue run longitudinally tlnough the sub¬ 
stance of the centrum itself The centra, unlike those of tlic liiglicr forms, aie 
developed as chondrifications of the sheath of the notochord into which cells of 
the skeletogenous layer have migrated (p. 08). On the dorsal side of the row of 
centra the spinal column is represented by the series of neural arches which 
support the walls of the spinal canal. Owing to the presence of a series of 

. jnlercalary cartilages the neural arches appear to be twice as numerous as the 
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centra. Each neural arch consists on each side of a process, the neural process, 
given off from the centrum, and of a small cartilage, the neural plate ( bast- 
dorsal ), which becomes completely fused with the neural process in the adult. 
Between successive neural plates, the width of each of which is only about half 
the length of the centrum, is interposed a series of plates of very similar shape, 
the interdorsal or interncural plates. Small median cartilages, the neural 
spines, fit in between both neural and intemeural plates of opposite sides and 
form keystones completing the arches. 

The transverse processes are very short: connected with each of them is a 
rudimentary cartilaginous rib (r.) about half an inch in length. 



bhy 


Fig 140 —BnobseloiUi, lateral view of skull with visteul arches and anterior part of spinal 
i olumu ; the branchial rays are not represented The &kull and hyoid arih arc somewhat drawn 
downwards, so that the hyoid and first branchial arch are not exactly in Lheir natural relations, 
c*r.hy ccratihyal, eb hr x, ep hr 5, first and lifth cpibranchial*, gl aperture fur glwsopharyn 
geal nerve , b Ay. basihsal, h\ mn hvomandibulai, uitetc intercalary (mtcidoisal) plates. 
mt ft. Met kerb cartilage, nrut neural processes, olf olfactory capsule; oc foramen lor oculo¬ 
motor ; oph 1, foramen for ophthalmic division of facial nerve, oph 3, foramen for ophthalmic 
division of trigeminal, opt opt ir foramen , palq palatoquadratc path fnianien for4th nerve. 
ph hr 1 and ph bi first and fifth pha ryngnbi.ini hial neural spines, tr transveise processes 

and ribs. tn foramen fot trigeminal nervi 


The cranium (Fig. 149) is a cartilaginous case, the wall uf which is con¬ 
tinuous throughout, and not composed, like the skulls of higher vertebrates, of a 
number of distinct bony elements fitting in together. At the anterior end is a 
rostrum, consisting in Scyltorhimts of three cartilaginous rods converging as they 
extend forwauls and lateral ones meeting anteriorly. At the sides of the base 
of this are the olfactory capsules [olf) —thin rounded cartilaginous sacs opening 
widely below, the cavities of the two capsules being separated from one another 
by a thin septum. The part of the roof of the cranial cavity behind and between 
the olfactory capsules is formed not of cartilage, but of a tough fibrous mem¬ 
brane, and the space thus filled in is termed the anterior fontanelle: in contact 
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with the lower surface of the membrane is the pineal body, to be afterwards 
mentioned in the account of the brain. Each side-wall of this part of the 
skull presents a deep concavity—the orbit —over which is a ridge-like pro¬ 
minence, the supra~orbitdl crest, terminating anteriorly and posteriorly in 
obscure processes termed respectively the pre-orbital and post-orbital processes. 
Below the orbit is a longitudinal infra-orbital ridge. 

Behind the orbit is the auditory region of the skull—a mass of cartilage in 
which the parts of the membranous labyrinth of the internal car are embedded. 
On the upper surface of this posterior portion of the skull are two small 
apertures situated in a mesial depression. These arc the openings of the 
aqueduct&s vestibuli (endolymphatic ducts), leading into the vestibule of the 
membranous labyrinth. Behind this again is the occipital region, forming the 
posterior boundary of the cranial cavity, and having in the middle a large 
rounded aperture—the foramen magnum —through whidi the spinal cord, 
contained in the neural canal and protected by the neural arches of the vertebrae, 
becomes continuous with the brain, lodged in the cranial ravity. Below this, 
on either side is an articular surface—the occipital condyle —for articulation 
with the spinal column, and between the two condyles is a concavity, like that 
of the vertebra] centra, containing notochordal tissue. 

A number of smaller apertures, or foramina, chiefly for the passage of nerves, 
perforate the wall of the skull. Behind and to the outer side of the anterior 
fontanclle are apertures (oph. 2,1) tlirough which the ophthalmic branches of 
the fifth and seventh nerves leave the skull. Piercing the inner wall of the 
orbit are foramina through which the optic or second pair of cerebral nerves 
(opt.), the oculomotor (oc.), or third, the pathetic, or fourth (path.), the trige¬ 
minal, or fifth (tri.), the abducent, or sixth, and the facial, or seventh, gain an 
exit from the interior of the cranial cavity. Just behind the auditory region is 
the foramen lor the glossopharyngeal (gl.), and in the posterior wall of the skull, 
near the foramen magnum, is the foramen for the vagus. 

In dose connection with the cranium arc a number of cartilages composing 
the visceral arches (Figs. 149 and 150). These are incomplete hoops of cartilage, 
mostly segmented, which lie in the sides and floor of the mouth-cavity or 
pharynx. The first of these forms the upper and lower jaws. The upper jaw, 
or palatoquadrate (pal. q.), consists of two stout rods of cartilage firmly bound 
together in the middle line and bearing the upper series of teeth. The lower 
jaw, or Meckel’s cartilage (mck.), likewise consists of two stout tooth-bearing 
cartilaginous rods firmly united together in the middle line, the union being 
termed the symphysis. At their outer ends the upper and lower jaws articulate 
with one another by a movable joint. In front the upper jaw is connected by a 
ligament with the base of the skull. 

Immediately behind the lower jaw is the hyoid arch. This consists of two 
cartilages on each side, and a mesial one bdow. The uppermost cartilage is 
vol. n. N 2* 
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the hyomandibular {hy. mn.) : this articulates by its proximal end with a 
distinct articular facet on the auditory region of the skull: distally it is connected 
by ligamentous fibres with the outer ends of the palatoquadrate and Meckel's 
cartilage. The lower lateral cartilage is the ceraiohyal {cer. hy.). Both the 
hyomandibular and ceratohyal bear a number of slender cartilaginous rods— 
the branchial rays of the hyoid arch. The mesial element, or basthyal (6 .hy), 
lies in the floor of the pharynx. Behind the hyoid arch follow the branchial 
arches, which are five in number. Each branchial arch, with exceptions to 



1 mg 150 Bnohalnnis, ventral view of the visceral arches Letters as in preceding figure 
In addition- -6.br, baabranchial plate, cet br. ccratobranchuls, hyp,lr . hypobr&nciuals 


be presently noted, consists of four cartilages. The uppermost of these— 
pharyngobranchial (ph. br. i-ph. br. 5)—lie in the dorsal wall of the pharynx, 
not far from the spinal column; the pharyngobranchials of the last two arches are 
fused together. The next m order—the epibranchials (ep. br.) —with the excep¬ 
tion of those of the last arch, bear a number of slender cartilaginous rods—the 
branchial rays —which support the walls of the gill-sacs; and the next—the 
ceratobranchials (cer. br.) —are, with the same exception, similarly provided. 
The hypobranchials {hyp. br.), which succeed these, are absent in the case of the 
first and fifth arches. In the middle line on the floor of the pharyngeal cavity 
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is a mesial cartilage—the basibranchial (Fig. 150, b, br .)—which is connected 
with the ventral ends of the third, fourth, and fifth arches. A series of slender 
curved rods—the extrabranchials —lie superficial to the branchial arches, along 
the borders of the corresponding external branchial clefts. 

Two pairs of delicate labial cartilages are present at the sides of the mouth, 
and a couple at the margins of the openings of the olfactory capsules. 

The skeleton of all the fins—paired and unpaired—presents a considerable 
degree of uniformity. The main part of the expanse of the fin is supported by a 
series of flattened semented rods, the pterygiophores or cartilaginous fin-rays, 
which lie in dose apposition: in 
the case of the dorsal fins these 
may be partly calcified. At the 
outer ends of these are one or 
more rows of polygonal plates of 
cartilage. On each side of the 
rays and polygonal cartilages are 
a number of slender " horny " 
rays or ceratotrichia of dermal 
origin. 1 In the smaller median 
fins there may be an elongated 
rod of cartilage constituting the 
skeleton, or cartilage may be 
entirely absent. In the pectoral 
fin (Fig. 351) the fin-rays arc 
supported on three basal carti¬ 
lages articulatingwith the pectoral 
arch. The latter (pect.) is a strong 
hoop of cartilage incomplete 
dorsally, situated immediately 
behind the last of the branchial 
arches. It consists of a dorsal, or 
scapular, and a ventral, or coraioid portion, the coracoid portions of opposite 
sides being completely continuous across the middle line, while the scapulai 
are separated by a wide gap in which the spinal column lies. Between the two 
portions are the three articular surfaces for the three basal cartilages. The 
coracoid poitions are produced forwards in the middle line into a flattened 
process supporting the floor of the pericardial cavity in which the heart is 
lodged. The three basal cartilages of the fin are named, respectively, the 
anterior, propterygium {pro.), the middle, mesopterygium (1 meso .), and the 
posterioi, metapterygium ( meta .). Of these the first is the smallest and the last 



1 ic* i^r BrachsBlurns, pectoral arch aud ho 
d 9 dermal hor q\ iav&, meso mcboterygium. meta 
mctapterygium, peet pectoral arch; pro. proptciy- 
gium 


1 Though, on account of their appearance and hom-hke consistency, these structures are 
commonly referred to ab horny, they do not consist of true horn (which is always epidermal m 
origin), but of a substance called ela&ttn, characteristic of elastic connective-tissue fibre*. 
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the largest: the first bears only one large ray; the other two hear twelve or 
more rays, differently arranged in the two genera. 

The pelvic fin (Fig. 152) has only a single basal cartilage (mate.) articulating 
with the pelvic arch, with which also one or two ol the fin-rays articulate 
directly, lire pelvic arch (fielv.) is a nearly straight bar of cartilage which 
runs transversely across the ventral surface of the body, just in front of the 
cloacal opening. 

Alimentary Canal (Fig. 153). —The mouth leads into a very wide cavity, 
the pharynx, into which open at the sides the internal apertures of the branchial 
clefts and of the spiracle. From this runs backwards a short wide tube—the 
oesophagus (ces .)—which passes behind into the stomach. The stomach is a 

U-shaped organ, with a long left limb con¬ 
tinuous with the oesophagus, and a short 
right one passing into the intestine. At the 
pylorus (fiyl.)— the point where the stomach 
passes into the intestine—is a slight con¬ 
striction, followed by a thickening. The 
intestine consists of two parts— small intestine 
or duodenum and large intestine. The former 
is very short, only an inch or two in length. 
The latter is longer and very wide; it is 
divisible into two portions—the colon (col.) in 
front and the rectum (red.) behind. Tiie 
former is very wide and is characterised by 
the presence in its interior of a spiral valve, 
arch'lndfiti- a fold of ihe mucous membrane which runs 
pterygium; pelv. pelvic arch spirally round its interior, and both retards 

tlie too rapid passage of the food and affords 
a more extensive surface for absorption. The rectum differs from the colon 
in being narrower and in the absence of the spiral valve; it opens behind into 
the cloaca. 

There is a huge liver (liv.) consisting of two elongated lobes. A rounded sac 
—the gall-bladder (g. bl .)—lies embedded in the left lobe at its anterior end. 
The duct of the liver—the bile-duct (b.dd .)—runs from the liver to the intestine. 
Proximally it is connected with the gall-bladder, and by branch-ducts with the 
right and left lobes of the liver. It opens near the commencement of the 
colon. 

The pancreas ( fiance.) is a light-coloured compressed gland consisting of 
two main lobes with a broad connecting isthmus, lying in the angle between 
the right-hand limb of the stomach and the small intestine. Its duct enters 
the wall of the small intestine and runs in it for about half an inch, opening 
eventually at the point where the small intestine passes into the odon. 
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Connected with the rectum on its dorsal aspect is an oval gland—the 
rectal gland (rect. gl.) —about three-quarters of an inch in length. 

The spleen ($pi.) is a dark-red or purple body attached to the convexity of 
the U-shaped stomach and sending a narrow lobe along the right-hand limb. 

The organs of respiration in the Dog-fish are the gills, situated in the five 
giU-Pouches. Each gill-pouch (Fig. 154) is an antero-posteriorly compressed 
cavity opening internally into the pharynx and externally by the corresponding 
gill-slit. The wails^of the pouches are supported by the branchial and hyoid 
arches with their rays, the first pouch being situated between the hyoid and 
first branchial arches, the last between the fourth and fifth branchial arches. 
On the anterior and posterior walls of the pouches are the gills, each hemi- 
branch consisting of a series of close-set parallel folds or plaits of highly vascular 
mucous membrane. Separating adjoining gill-pouches, and supporting the 
gills, is a series of broad interbranchial septa, each con¬ 
taining the corresponding branchial arch with its connected 
branchial rays. The most anterior hemibranch is home 
on the posterior surface of the hyoid arch. The last 
gill-pouch differs from the rest in having gill-plaits on 
its anterior wall only. On the anterior wall of the 
spiracle is a vestigial gill—the pseudobranch or spiracular 
gill —in the form of a few slight ridges. 

Blood-system.—The heart is situated in the pericardial 
cavity, on the ventral aspect of the body, in front of the 
pectoral arch, and between the two series of branchial 
pouches. Hie dorsal wall of the jiericardial cavity is 
supported by the basibrandiial cartilage. Placing it in 
communication with the abdominal cavity is a canal—the pericardio-peritonial 
canal. The heart (Fig. 155) consists of four chambers —sinus venosus (s»».), atrium 
(aur.), ventricle (vent.), and conus arteriosus (cow.), through which the blood passes 
in the order given. The sinus venosus is a tliin-walled, transverse, tubular 
chamber, into the ends of which the great vcins open. 11 communicates with the 
atrium by an aperture, the sinu-atrial aperture. The atrium is a large, three- 
cornered, thin-walled chamber, situated in front of the sinus venosus and 
dorsal to the ventricle. Its apex is directed forwards, and its lateral angles 
project at the sides of the ventricle: it communicates with the ventricle by 
a slit-like aperture guarded by a two-lipped valve. The ventricle is a thick- 
walled, globular chamber, forming the most conspicuous part of the heart 
when looked at from the ventral surface. From it the conus arteriosus runs 
forwards as a median stout tube to the anterior end of the pericardial cavity, 
where it gives off the ventral aorta. It c ontains two transverse rows of valves. 
anterior and posterior, the former consisting of three , the latter of three or fouy . 
The ventral aorta fFig. 153) gives origin to a series of paired afferent branchial 
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arteries (a/, br.}, one for each branchial pouch. In Scyhorhmus the two most 
posterior arise close together near the beginning of the ventral aorta, the third 
pair a little further forwards. The ventral aorta then runs forwards a little 
distance and bifurcates to form the two innominate arteries, right and left, 
each of which in turn bifurcates to form the first and second afferent vessels 
(af. br. 1 , of. br. 9 ) of its side. In Bracheslurus (Fig. 156 A, B) the arrangement 
is somewhat different. 

From the gills the blood passes by means of the efferent branchial arteries. 
These efferent vessels (Fig. 155, ef. br.) form a series of loops, one running 
around the margin of each of the first four internal branchial clefts: a single 
vessel runs along the anterior border of the fifth branchial cleft and opens into 


it 04 



Fig i 55 —Flic heart and branchial arteries of Bcyliorhinni, from the bide, a) bt 1 — ofleient 
branchial arteries, zu atrium, v,a. conus artenobub; cL 1 — *, branchial clefts, cor coronary 
artery, d ao dorsal aorta, d. t dorsal carotid artery; ef br . l —» efferent branchial arteries, 
ep hr , 1 — 4 , ppibranchial arteues, mn mandibular artery; sp spiracle, * cl subclavian artery 
s v sinus venosus, v ventricle, t ao ventral aoita, v c ventral carotid artery (hrom Parker's 
Practical Zoology) 

the fourth loop. The four main efferent branchial vessels {cpibranchials, 
ep. br.) run inwards, and backwards from the loops under cover of the mucous 
membrane of the roof of the pharynx to unite in a large median trunk—the 
dorsal aorta [d. ao.). A dorsal carotid artery (d. c.) is given off from the first 
efferent branchial. A branch (hyoideau) given off from the same efferent 
vessel supplies the pscudobranch, and the blood from the latter is taken up by 
the ventral carotid (v. c.). Both carotids run forwards to supply the head. 

The dorsal aorta (Fig. 155, d. ao.) itms backwards throughout the length 
of the body-cavity, giving off numerous branches, and is continued as the 
caudal artery, which runs in the canal enclosed by the inferior arches of the 
caudal veitebrse. The first pair of branches are the subclavian* ($. cl.), for the 
supply of the pectoral fins; these are given off between the third and fourth 
pairs of epibranchial arteries. The next large branch is the unpaired cceliac 
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A. 

Fig. 15(1 — Bmohahmii diagrams of 
circulatory system. A. ventral. B. 
lateral view. a.oa anterior cardinal 
sinus; a.c.e external caiotid artery, a.J. 
hyoidean afferent branchial artery; a.f. 
4 1 fourth afferent branchial artery , a.h.s. 
superficial hyoid artery ( a.m v. ventral 
mandibular artery, a.s. stapedial artery; 
aj, anterior thyreoid artery. Atr. 
atrium; A a brachial artery b v brachial 
vein; c.a conus artenosus; ed.a. caudal 



artery; rd.v caudal vein, cl. fifth gill sht; B. 

ci.v. cJoacal vein; cos a. ccrliac artery v d a. dorsal aorta, da 1. paired dorsal aorta; e.a. anasto¬ 
mosis between efferent collector loops; e.c. efferent collector loop; op. 1-4 , first and fourth epi- 
branchial arteries; e.s. spiracular epibranchial Artery; fem.v. femoral vein; f.v. anterior facial 
vem; g.a. gastric artery, A a . hepatic artery; A e hyoidean epibranchial artery, h.p. hepatic 
portal vem; A s. hepatic sinus; hy s. hyoidean sinus; 1 jo. internal carotid artery; \x.c. intra¬ 
cranial branch of the spiral ular epibranchial artery; t j. inferior jugular sinus, i ha. iliac artery; 
in a. innominate artery, i.p. intestino-pylonc artery ; ha. lateral artery; l.a.v. lateral abdominal 
vein; hc.v. superior lateral cutaneous vein; l\.a. lienogastnc artery; m.ant. anterior mesenteric 
artery; m.posh posterior mesenteric artery; o.tn. great ophthalmic artery; or.s. orbital smus; 
p.c. posterior cardinal smus; p.cs. posterior cerebral vem, p.s. afferent spiracular artery; r.p. 
renal portal vem; recha. rectal artery; s.a subclavian artery; t.c. subclavian vein; s.m. sub¬ 
mental smus; s.v. smus venosus; t.a. truncus artenosus (ventral aorta); v.a. vertebral artery: 
Vent. Ventricle; v.i mterrenal portion of posterior cardinal sinus; v.i.a. antenor intestinal vein: 
v,i,p, posterior intestinal vem; 1 .ha. ventro lateral artery. (After O'Donoghue.) 
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(Fig. 153, ecrl.) : this runs in the mesentery and divides into branches for the 
supply of the stomach and liver, the first part of the intestine, and the pancreas. 
The anterior mesenteric artery, also median, supplies the rest of the intestine 
and gives oft branches to the reproductive organs. The lienogastrie supplies 
part of the stomach, the spleen, and part of the pancreas. The posterior 
mesenteric is a small vessel mainly supplying the rectal gland. Small renal 
arteries cany a small quantity of arterial blood to the kidneys, and a pair 
of iliac arteries, likewise ol small size, pass to the pelvic fins. In addition to 
these a number of small arteries, the parietal, supplying the wall of the body, 
are given off throughout the length of the aorta. 

The veins are very thin-walled, and the larger trunks are remarkable for 
their dilated character, from which they have obtained the name of sinuses, 
though they are true vessels and not sinuses in the sense in which the word 
is used in dealing with the Invertebrates. 

The venous blood is brought back from the head by a pair of jugular or 
anterior cardinal sitiues (Fig. 156, a. ca.), and from the trunk by a pair of 
posterior cardinal sinuses ( p. c). At the level of the sinus venosus the 
anterior and posterior cardinals of each side unite to form a short, nearly 
transverse sinus, the precaval, sinus or ductus Cuvieri, which is continued into the 
lateral extremity of the sinus venosus. Into the precaval sinus, about its 
middle, opens an inferior jugular sinus (v. j.) which brings back the blood 
from the floor ol the mouth and about the branchial region of the ventral 
surface. The two posterior cardinal sinuses extend backwards throughout 
the length of the body-cavity; in front they are enormously dilated, behind 
Ihcy lie between the kidneys. Anteriorly each receives the corresponding 
subclavian vein bringing the blood from the pectoral fin and adjacent parts of 
the body-wall. The lateral vein (la. v.), instead ol joining with the subclavian, 
opens separately into the precaval. The genital sinus discharges into the 
posterior cardinal sinus 

There are two portal systems ot veins, the renal (r. p.) and the hepatic 
portal (h. p), by which the kidneys and liver, respectively, are supplied with 
venous blood, 'lhc caudal vein, which brings back the blood from the tail, 
running, along with the caudal artery through the inferior arches of the 
vertebra, divides on entering the abdominal cavity into light and left renal 
Portal veins, which end in a number of afferent renal veins supplying the 
kidneys. 

The hepatic portal vein (/1. p.) is formed by the confluence of veins 
derived from the intestine, stomach, pancreas, and spleen, and runs forwards 
to enter the liver a little lo the right of the middle line. In Brachtdums a 
large branch connects the genital sinus with the intestinal tributaries of the 
hepatic portal system: the blood from the liver enters the sinus venosus by 
two hepatic sinuses placed close together. 
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Nervous System.—The forebrain consists of a rounded smooth prosencephalon 
(Fig. 157, V.H.) divided into* fwo lateral parts by a very shallow median 
Longitudinal groove. From its antero-lateral region each half gives off a thick 


A B 



I if* 157 —Brain ol Scyliorhinui csnicnh A, dorsal \ u»w, B, vent ml view, C, Uteiai view 
T rho fossa rhomboidalis (fourth vcntiicle) , Up ppiphvsis J /77 cerebellum, MS II, hypo 
physifi; I ol olfactory bulb; MH, mid brain: NH, medulli oblongata Si, saccub vasculoaus, ■ 
7 to, olfactory peduncle. UL, lobi uifertores „ VII probentcph ilon, /Ai, du nc cphalon, l [, optic 
nerves; III, oculomotor, IV, pathetic, V, trigeminal l I, abducent 111 , facial, VIII , 
auditoiy, IX, glossopharyngeal, X, vagus (hrom Wiedershcim's iomp. Anatomy ) 

cord, which dilates into a Large mass of nerve-matter, the olfactory bulb ( L . al.), 
closely applied to the- posterior surface of the corresponding olfactory capsule 
The dienccplialon [ZH) is comparatively small; its roof is very thin, while the 
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lateral vails arc composed of two thickish masses—the optic thalami. Attached 
to the roof is a slender tube, the epiphysis cerebri or pineal organ (Gp.), which 
runs forwards and terminates in a slightly dilated extremity fixed to the 
membranous part of the roof of the skull. Projecting downwards from its 


floor are two rounded bodies, the lobi inferiores (UL), which are dilated portions 


of the infundibulum. Behind these give of! a thin- 
walled vascular out-growth- -the saccus vasculosus 
(St'.). Attached to the infundibulum and ex¬ 
tending backwards from it is a thin-walled sac— 
the pituitary body or hypophysis cerebri (ATS), having 
on its ventral surface a median tubular body 
attached at its posterior end to the floor of the 
skull. In front of the infundibulum, and also on 
the lower surface of the diencephalon, is the optic 
chiastna, formed by the decussation of the fibres of 
the two optic nerves The mid-brain (MH) consists 
of a pair of oval optic lobes dorsally, and ventrally 
of a band of longitudinal nerve-fibres correspond¬ 
ing to the crura cerebri of the higher vertebrate 
brain. The cereljellum (IIH) is elongated in the 
antcro-posterior diicction, its anterior portion 
overlapping the optic lobes, and its posterior the 
medulla oblongata. Its surface is marked with a 



Fig. i 58 HiiniwjUiam. 
The bram viewed from the 
dorsal side, the roofa of the 
various ventricles removed so 


few fine qiooves The medulla oUongat* (OT). 

broad in front, narrows posteriorly to pass into cer - Station from winch the 
the spinal cord. The fourth ventricle or fossa dSe. JintaJta'tfm ojj£ 
rhomboidalvs (/\ rho) is a shallow space on the leadin * ,nt0 the mfundi- 

! , , . ., . „ bulum; lift itei or me'occele; 

(Loisal aspect 01 the medulla oblongata covcied w*ta .metacafa ; opt, optococie; 
over only by .1 thin vascular membrane, the ihoroid pr °“‘ 

plexis : it is wide in front and gradually narrows 


posteriorly. At the sides of the anterior part of the fourth ventricle are a 
pair of folded ear-shaped lobes, the iorpora restiformia. 

The fourth ventricle or metacale (Fig. 158, meta) is continuous behind with 
the central canal of the spinal eord. It gives oJf an epicoele above, and in front 
is continuous with a narrow passage, the iter or mesocale (iter.) which opens 
anteriorly into a wider space, the diacccle or Ihird ventricle (dia.), occupying the 
ihterior of the dicncephalon. From this opens in front a median prosoccele, 
which gives oft a pair of paracales (para.) extending into the two lateral portions 
of the prosencephalon. 


From the anterior enlargements of the olfactory bulbs already mentioned 
spring numerous fibres which constitute the first pair of cerebral nerves and 
enter the olfactory capsules. Between the two olfactory lobes two small 
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nerves, the terminal or pre-olfactory, arise from the prosencephalon: they are 
the nerves of ordinary sensation for the interior of the olfactory safes. From the 
optic chiasma the two nerves (Figs. 151, 159,160, II) run outwards through 
the optic foramina into the orbits, each perforating the sclerotic of the cones* 
ponding eye and terminating in the retina. The third, fourth, and sixth pairs 
of nerves have the general origin and distribution which have already been 
described as universal in the Craniata (p. 103). 

The trigeminal (Figs. 137,160,162, V) arises in close relation to the facial. 



Fig. 159. — Bejttoririnnfl Italians. Dissection of the brain and spinal nerves from the dorsal 
surface. The right eye has been removed. The cut surfaces of the cartilaginous skull and spinal 
column are dotted. The buccal branch of the facial is not represented. cl.j~cl.St branchial 
clefts; ep. epiphysis; ex. red. posterior rectus muscle of the eye-ball; gl.ph. glossopharyngeal; 
Kor. can. horizontal semicircular canal; hy.mnd. VII. hyomaxulibular portion of the facial; tnj. 
M, inferior oblique muscle; ini. red. anterior rectus muscle; lat. vag. lateral branch of vagus, 
fax. V . maxillary division of the trigeminal, olf. cps. olfactory capsule; olf. 5. olfactory sac; oph. 
V. VII. superficial ophthalmic branches of trigeminal and facial; path, fourth nerve; pi. VII. 
palatine branch of facia]; sp. to. spinal cord ; sp. and spit, spiracle; s. red. superior rectus muscle. 
c!U ». superior oblique; vag. vagus; vest, vestibule. (From Marshall and Hurst.) 

As it passes into the orbit it swells into a ganglion—the Gasserian. Its chief 
branches are three in number. The first given off is the superficial ophthalmic 
(Fig. 159, oph. V ; Fig. ifio, V op.), which runs forwards through the orbit 
above the origin of the recti muscles, and in very close relation with the 
ophthalmic branch of the facial. Anteriorly it breaks up into branches dis¬ 
tributed to the integument of the dorsal surface of the snout. 1 The main 

1 In most Chondrichthyes a nerve of considerable size—the ophthalmicus profundus (Fig. 76) 
—arises from the dorsal and anterior part of the Gasserian ganglion, and is usually regarded as a 
branch of the trigeminal. It tuns forwards over the posterior rectus muscle and under the 
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trank of the nerve then runs forwards and outwards across the door of the orbit, 
and divides into two branches, the maxillary and mandibular, or second and 
third divisions of the trigeminal The former (mx. V) supplies the skin of 
the ventral surface of the snout, the latter (mnd. V) the skin and muscles of the 
lower jaw. 

Of the brandies of the facial, the ophthalmic runs through the orbit in dose 
relation to the superficial ophtlialmic branch of the trigeminal, and is distributed 
to the lateral line and ampullary canals of the snout region; the buccal runs 
forwards in intimate relation with the maxillary division of the trigeminal, and 
breaks up into branches which are distributed to the sensory canals and 



Fig. 160.—Semi-diagrammatic figure of the cerebral nerves of Sojliorhhllis dissected 

from the left side. The nerves supplying integumentary sense-organs are shown in black. 
au.c. auditory capsule; cl. 1 —branchial clefts; m. mouth ; olf. c. olfactory capsule; or. orbit; 
sp. spiracle. I — X, cerebral nerves. Vop. ophthalmic, Vmx. maxillary, and Vmn. mandibular, 
divisions of the trigeminal; VUop . ophthalmic, VIIp. palatine, Vllb, buccal, VI Tp*. preapira- 
cular, Vlle.w. external mandibular, and Vllhy. hyomandibular branches of the facial; XI. 
lateral, Xbr . x —*, branchial, and Xv. visceral branches of the vagus. (From Parker's Practical. 
Zoology.) ‘ V : 

ampull* of the region of the snout; the palatine {pi. VII, VIIp.) passes to the 
roof of the mouth j the main body of the nerve— hyomandibular nerve [hy.mnd. 
VII, Vllhy .)—then runs outwards close to the edge of the hyomandibular 
cartilage and behind the spiracle, ^eventually becoming distributed to the 
muscles between the spiracle and the first branchial deft; a small external 
mandibular branch {VII e.m.) comes off from it and goes to the lateral line and 
ampullary canals of the lower jaw. 

The eighth or auditory nerve passes directly into the internal ear, and breaks 


superior rectus, and perforates the pre-orbital process to end in the integument erf the snout. 
Among other branches it gives off ciliary branches to the iris: these are joined by the ciliary 
branches of the oculomotor. Anophthalmicus profundus is not present in Scytiorhinus in the 
adult condition. 
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up into branches for the supply ol its various parts. The glossopharyngeal 
( gl. ph., IX) perforates the posterior part of the auditory region of the skull, and, 
after it roaches the exterior, passes to the first branchial cleft, where it bifurcates, 
one branch going to the anterior, and the other to the posterior wall of,the deft. 
The last nerve of the series—the pneumogastric or vagus ( vag ., X )—is a large 
nerve which emerges from the skull by an aperture situated between the 
auditory region and the foramen magnum. It first gives of! a series of four 
branchial branches, each of which bifurcates to supply the anterior and posterior 
borders of the last four brandiial defts. The lateralis nerve [lat. vag., X.l.) 
is frequently referred to as a branch of the vagus since it runs in intimate 
connection with the trunk ol that nerve for some distance, but it has a distinct 
origin in the medulla: after becoming separated from the vagus trunk it runs 
along beneath the peritoneum opposite the lateral line, which it supplies, to the 
posterior end of the body. The rest of the vagus runs backwards to divide 
into cardiac branches for the heart and gastric branches for the stomach. 

It will be observed that the system of neuromast organs (lateral line and 
ampullary organs) is supplied by nerve-fibres which pass out in various branches 
of the fadal and in the lateralis : all these fibres originate in a centre in the 
medulla, the acustico-lateral centre, common to them and the fibres of the 
auditory nerve 

fhe spinal cord is a cylindrical cord which extends from the foramen mag¬ 
num, where it is continuous with the hind-brain, backwards throughout the 
length of the neural canal, enclosed by the neural arches of the vertebrae. As in 
the f raniata in general (see p. 96), it has dorsal and ventral longitudinal fissures 
and a narrow central canal, and gives origin to a large number of paired spinal 
nerves, each arising from it by two roots. 

Organs of Special Sense. —The olfactory organs are rounded chambers 
enclosed by the cartilage of the olfactory capsules ol the skull, and opening 
on the exterior by the nostrils on the ventral surface of the head. The interior 
has its lining membrane raised up into a number of dose-set ridges running out 
from a median septum. The fibres of the olfactory nerves terminate in cells 
of the epithelium covering the surface of these ridges 

'lhe eye has the general structure already described as characterising the 
Cramata in general (p. 112). The sclerotic is cartilaginous, the choroid has a 
shining metallic internal layer or tapetim ceUulosum, and the lens is spherical. 
There are the usual eye-muscles, the two obliques situated anteriorly, the four 
recti posteriorly, not embradng the optic nerve. The eyelids are represented 
by stiff folds. 

The ear consists only of the membranous labyrinth (Fig. 88), equivalent to 
the internal car of higher Craniata, the middle and outer ear being absent. 
The membranous labyrinth consists of the vestibule and three semicircular 
canals. The former, which is divided into two parts by a constriction, com- 
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raunicates by a narrow passage—the endolymphatic duet or aqueductAs vestibuli— 
with the exterior, in the position already mentioned. Of the three semi* 
ciitular canals, the anterior and posterior are vertical and the external hori¬ 
zontal, as in Craniate in general Each has an ampulla, that of the anterior and 
external canals situated at their anterior ends, and that of the posterior canal, 
which is the largest of the three and forms an almost complete circle, at its 
posterior end. In the fluid (endolymph) in the interior of the vestibule are 
suspended, in a mass of gelatinous connective-tissue, numerous minute calcareous 
particles or otoliths, giving it a milky character. 

The sensory canals of the integument running along the lateral line and over 
the head contain special nerve-endings (neuromasis), and doubtless function 
as organs of some special sense (see p. 109). The same probably holds good of a 
number of unbranched canals [ampttUary canals) arranged in groups situated 
on the anterior portion of the trunk and on the head, and being particularly 
numerous in the neighbourhood of the snout. These are dilated internally 
into vesicles, the ampullte, provided with special nerve-endings. 

Ulinogenltal Organs.—In the female there is a single ovary (Figs. 153, i6r, 
or.), an elongated soft, lobulatcd body, lying a little to the right of the middle 
line of the abdominal cavity, attached by a fold of peritoneum, the mesovarium. 
On its surface are rounded elevations or follicles of various sizes, each containing 
an ovum of a bright yellow colour. Tine are two oviducts (Mullerian ducts) 
entirely unconnected with the ovaries. Each oviduct (Figs. 153 and 161, ovd.j 
is a greatly elongated tube extending throughout the entire length of the 
abdominal cavity. In front the two unite behind the pericardium to open into 
the abdominal cavity by a wide median aperture (uvd 1 ). At about the point of 
junction of the middle and anterior thirds is a swelling marking the position 
of the sheU-gland (sh. gl.). The posterior part dilates to form a wide uterine 
chamber, and in Styliorhniut the two unite to open into the cloaca by a common 
a])erture situated just behind the opening of the rectum, while in Brachalurus 
they remain distinct and have separate cloacal openings. Each kidney 
consists of two parts, anterior and posterior. Hie former (Fig. 153, r. meson. 
Fig. iOi, k *) is a long narrow ribbon of soft reddish substance, which runs 
along throughout a great part of the body-cavity at the side of the vertebral 
column, covered by the peritoneum. The posterior portion {r. metan, k) is a 
compact, lobulatcd, dark red body, lying at the side of the cloaca, continuous 
with the anterior portion; like the latter, it is covered over by the peritoneum. 
Both portions have their ducts. Those of the anterior are narrow tubes, which 
run over its ventral surface and become dilated behind to form a pair of elongated 
chambers, the urinary sinuses (Fig. 162, ur. sin), uniting behind into a median 
sinus (med. ur. sin), opening into the cloaca by a median aperture situated on a 
papilla, the urinary papilla. The ducts of the posterior portion, which 
are usually from four to six in number, open into the urinary sinuses. 
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I io i6x —The unnogemtal organs of BejIlozUssi from the vintidl bidi A, malt 

and B, female Only the anterior end of the gonad is represented in c ich figure, and except that 
in J? both kulncys are shown, the organs of the right side only are drawn. In A the seminal 
vesicle and sperm-sac are dissected away from the kidneys and displace d outwards, and the ureters 
inwaids ab.p depression into which the abdominal pore o]>cns cl cloaca els. dasper, ej d 
efferent ducts of spermaiy, k kidney, k\ A' an tenor non renal portion of the kidney, forming 
in the male the so called <r Leydig's gland, 11 which, together with the coiled spermiduct, constitutes 
the epididymis, If. anterior portion of livei, m d vestigial Mullenan duct m the male as 
gullet, ov ovary, oid oviduct, ovd\ its calomic aperture. ovd" the common aperture of the 
oviducts into the cloaca, t rectum, sh gl shell-gland, ipd. spermiduct, sp s sperm-sac, s i 
seminal vesicle, s v' its aperture mto the urinogemlal sinus, is spermary (testis), ug $ 
unnogemtal sinus ur postenoi mesonephne ducts ur' their apertures into the nnnogemtal 
sinus, u s urinary sinus, (from Parker's Practical 7 oology ) 



PHYLUM CHORDATA 


197 


In the male (Fig. 161, A) there are two elongated, soft, lobulated testes, 
each attached to the wall of the abdominal cavity by a fold of peritoneum—the 
mesorchium. From each testis anteriorly, a small number of efferent ducts 
(e/i) pass to the anterior end of a long, narrow, strap shaped body, which 
corresponds to the vestigial anterior portion of the kidney in the female. This 
is the epididymis ; the duct, spemtduct or vas deferens, runs along the entire 
length of the non-renal port of the kidney, or " Ley dig's gland," and, where 
it leaves the latter posteriorly, becomes a wide tube, which opens into the 


neph 




Fig 162 — BraduBlnrafl. Right hit* iGj Dogfish, egg-case 

kidney and urinary sinus of femail (After Dean ) 

intd nr nil 11 s, median urinary sinus, 
neph kidney tir &wus, light unnni> 
sinus 


unnogenital sinus (u.g. &.), a median chamber projecting into the cloaca 
Posteriorly the spermiduct dilates to form a wide thin-walled sac, the vesicula 
seminalis. Closely applied to the latter is a thin-walled elongated sac, the 
sperm-sac. Anteriorly the sperm-sac narrows to a blind extremity; posteriorly 
the right and left sperm-sacs combine to form the urinogcnital sinus. The 
posterior part of the kidney has the same character as in the female; its ducts, 
usually five in number on each side, upon into the urinogenital sinus, some of the 
most anterior first uniting to form a common tube. The sinus has a median 
aperture into the general cavity of the cloaca situated on the summit of a 
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prominent urinogenital papilla. The oviduct* (M&llcrian ducts) oi the female 
are represented in the male by vestiges of their anterior portions [m.d.). The 
entire kidney is sometimes regarded as a mesonephros, but the posterior portion, 
developed entirely behind the portion which, in the male, takes part in forming 
the epididymis, and having its own ducts, is sometimes looked upon as fore¬ 
shadowing the metanephros of the higher Vertebrates. 

The ripe ovum, rupturing the wall of its follicle, escapes into the abdominal 
cavity, whence it reaches the interior of one of the oviducts; there it is fertilised 
by sperms received from the male in the act of Copulation, and then becomes 

enclosed in a chitinoid case or shell (Fig. 
16.3) secreted by the shell-gland. 

General Organisation. 

External characters.— In general shape 
most Sharks (Fig. 146) are somewhat fusi¬ 
form and slightly compressed laterally. In 
the Hays (Fig. 164), on the other hand, 
there is great dorso-ventral compression. 
The head is in many cases produced for¬ 
wards into a long rostrum, which is of 
immense length and bordered with triangu¬ 
lar teeth in the Saw Shark (Pristiophorus) 
and Saw-fish (Pris/is). In the Hammerhead 
Shark (Sphyrna or Zygiena) the anterior 
part of the head is elongated transversely. 

There arc well-developed median and 
paired fins. The caudal fin is large, and, 
as a rule, strongly heterocercal in the 
Sharks and shark-like Rays, reduced in 
most of the latter group. The dorsal and anal fins are large in the Sharks, 
the former completely divided into two: in the Kays the dorsal fin is usually 
small, and the anal absent. The paired fins differ widely in the two groups. 
In the Sharks both pairs arc well developed, the pectoral being the larger. 
In the Rays the pectoral fins are extremely large, very much larger than tho 
jH'lvic, fringing the greater part of the length of the flattened body, and 
becoming prolonged forwards on either side and even in front of the head, so 
that the animal presents the appearance of a broad fleshy leaf. 

In all recent Chondrichthyes the male has, connected with the pelvic fins, 
a pair of grooved appendages—the claspcrs or tnyxopierygia —which subserve 
copulation. 

The mouth is situated on the ventral surface of the head, usually a 
considerable distance from the anterior extremity. In front of each an g l w of 
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the mouth on the ventral surface is the opening of one of the olfactory sacs, 
each of which is frequently connected by a groove—the naso-buccal groove— 
with the mouth-cavity. Behind the mouth, on the dorsal surface in the Kays, 
and at the side in the Sharks, is the spiracle. Along each side of the 
neck in the Sharks, and on the ventral surface in the Rays, there is a 
row of slit-like apertures—the branchial slits or branchial clefts. These are 
usually five in number on each side; but in Hexanchus and CMamydoselachus 
there are six, and in Heptranchias seven. In CMamydoselachus (Fig. 145) a 
fold comparable to a rudimentary operculum extends back over the first 
branchial cleft, and is continuous across the middle line vcntially; in the 
remaindei of the sub-class no such structure is 
represented. A large doacal opening is situated 
just in front of the root of the tail, and in most 
members of the sub-class a pair of small openings 
placed dose to it—the abdominal pores —lead into 
the abdominal cavity. 

When the integument develops any hard parts 
as is the case in the majority of the Chondrichthyes, 
they take the form, not of regular scales, as in most 
other fishes, but of numerous hard bodies (Fig. 165) 
which vary greatly in shape, are usually extremely 
minute, but are in some cases devdoped, in certain 
parts of the surface, into prominent tubercles or 
spines. When these hard bodies arc, as is commonly 
the case, small and set closely together in the skin, 
they give the surface very much the character of 
a fine file; and the skin so beset, known as 
“ shagreen," was formerly used for various i>olishing 
purposes in the arts. This is the placoid form of 
exoskeleton, to which reference has been already 
made (page Gj). Each of the hard bodies has the 
same structure as a tooth, being composed of 
dentine, capped with an cnamel-like layer, and supported on a base of a 
substance somewhat resembling the bony cement or crusta petrosa of the 
tooth. 

The skeleton is composed of cartilage, with, in many ca>cs, deposition ol 
calcareous matter in special places- notably in the jaws and the vertebral 
column. The entire spinal column may be nearly completely cartilaginous 
(Hexanchus and Heptranchias), but usually the centra are strengthened by 
radiating or concentric lamella 1 ol calcified tissue; or they may be completely 
calcified. They arc deeply ainphicodous, the remains of the notochord 
persisting in the large inter-central spaces. Intercalary pieces (Fig. 166, Ic ) 



Fig. 165.—Dermal dcnti- 
< les of Cen&ophoroi caloeui, 
slightly magnified. (From 
1 jeKonbaur'b C omparatu e 
iuatotny.) 
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are interposed between both superior and inferior arches. In the Rays (Fig. 
167) the anterior part of the spinal column becomes converted into a con¬ 
tinuous solid cartilaginous and calcified mass—the anterior vertebral plate 
(a. v. p). As in fishes in general, two regions are distinguishable in the 
spinal column—the precaudal and the caudal, the latter being characterised 
by the possession of inferior or haemal arches. In the precaudal region short 
ribs may be developed, but these are sometimes rudimentary or entirely 
absent. In the Sharks pterygiophores, sometimes jointed, fused at their bases 
with the haemal spines, support the ventral lobe of the caudal fin, and the 
dorsal lobe of the same fin is supported by a series of pterygiophores resembling 
produced neural spines, but only secondarily related to the spinal column, 
and sometimes also divided by joints. The dorsal and ventral fins are 
sometimes supported by similar pterygiophores; hut in many cases the 
cartilaginous supports of these fins consist, in whole or in part, of expanded 

plates of cartilage. The marginal 
portions of the unpaired fins 
beyond the limits of the endo- 
skeleton are supported by dermal 
fibre-like structures (ceratotriihia) 
composed of elastin. 

The skull is an undivided mass 
of cartilage, hardened, in many 
cases, by deposition of calcareous 
matter, but not rontiining any 
tiue bony tissne. It consists of 
a cartilaginous case for the pro¬ 
tection of the biain and the organs 
of special sense. The structure of this cartilaginous brain-case as it occurs in 
the Dog-fish has already been described. The main dillerences observable in 
the dilferent families are connected with the size and form of the rostrum. 
In the Rays the lower lip of the foramen magnum is deeply excavated lor the 
reception of a short process, the so-called odontoid process, which projects 
forwards from the anterior vertebral plate, and on either side of this is an 
articular surface—the occipital condyle —for articulation with corresponding 
surfaces on that plate. In the Sharks the skull is not so definitely marked 
off from the spinal column. The apertures of the aqueductfis vestibuli in the 
Rays are not situated in a median depression such as is observable in the 
Dog-fish and in all the Sharks. The articular surface in the auditory region 
for the hyomandibular is sometimes borne on a projecting process, sometimes 
on the general level of the lateral surface. Sometimes in the Rays there is a 
smaller articulation behind for the first branchial arch. 

The upper and lower jaws—the palatoquairate and Meckel’s cartilage —are 
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FIG. 166 --Portion of the spinal column of 
ScynmorfainOB. lc intercalary cartilages. Oh 
neural arches, WI\. centra (from Wiedrr 
sheim’s Verfehtata) 
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connected with the skull through the intermediation of a hyo mand tbtdar 
cartilage (Fig. 14 9, hy. mn .; Fig. 167, h . m ). The skul l "is thus of the 
hyostylic type as~ref ii rers the mod e of s uspension of the jaws . In the Sharks 
the palatoquadrate has a process^aEsent in the Rays) for aiticulation with 
the base of the skull in the pre-orbital region. Tn Hexanchus and Heptranchtas 



Fir* 167 Skeleton of Sting-Bay [l tolophu s), ventral view a i p autcnoi vertebial plate ; 
bat hr basibiaiu hial pi itc , hr j bt 5 branchial arches (1 lit In am lual 1 lys arc not represented 
the round dots indieiting thur articulations with the arches j tl skeleton of clasper Am. 
hyomandibulai, h\ h>oid aich, lab labial carlil igc, lip ligament conm iting the hyomandi- 
bular with the paldtoqaadrato and Mukcls untilige, nut Meckel's cartilage ms pt meso- 
pterygium and mt pt mctapter> gium of T>r(toi<i] 1m 111/ pt* met ^pterygium ol pelvic fan na\ 
na&al catillage pal palatoquadnte put pcctmal # mh pelvic ar< h pro pt piopter>gium , 
sp spiracular c.utilage 

(l'ig. 168) there is in addition to this a pionunent post-orbit ll process of the 
palatoquadrate for articulation with the post-orbital region of the skull 
[amphistylic arrangement) Calm ion is also in a sense amphistylic, the 
palatoquadrate is firmly united with the skull, articulating with a groove on 
the base, and the hyomandibular takes only a small share in the suspension 
of the jaws. At the sides of the mouth in all Chondrichthycs is a series of 
labial cartilages, usually two pairs above and one pair below Attached to 
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the hyomandibular is athin plate of the cartilage—the sp{ramlar (Fi$. 167, 
sp.)—which supports the anterior 'wall of the spiracle. 

. The hyoid arch proper is in most of this Chondrichthyes connected at its 
dorsal end with the hyomandibular—sometimes at its distal extremity, 
sometimes near its articulation with the skull; but in Some Rays it is not so 
related, but arti culat es separately and independently with the skull behind 
the hyomandibular, and in the genera Hypnarce and Trygonorhina it articulates 
with the dorsal portion of the first branchial arch. In the Sharks the hyoid 
is usually relatively massive; in the Rays it is smaller, and in most cases 
closdy resembles the branchial arches, and bears similar cartilaginous rays ; 
a larger or smaller median element, or basihyal, is present in all cases. 



Fig. 168.—Lateral view of the skull of HeptnmchiAl. mck. Meckel's cartilage; pal.qu. 
palatoquadrate; pL orb . post-orbital process of the cranium, with which the palatoquadrate 
articulates. (After Gegenbaur.) 


There are always five pairs of branchial arches except in Hexanchus and 
Chlamydoselachus, which have six, and Heptranchias, in which there are seven. 
Their dorsal ends are free in the Sharks, articulated with the anterior vertebral 
plate of the spinal column in most Rays. Externally they bear a series of 
slender cartilaginous branchial rays. The median ventral elements of the 
branchial arches are usually more or less reduced, and in some cases are 
represented by a single basi-branchial plate (Fig. 150 has. br.). In the Rays 
the fifth branchial arch articulates with the pectoral arch, a connection which 
is absent in the Sharks. A series of slender cartilages, probably modified 
branchial rays—the extra-branchial cartilages—-absent as such in some Dog¬ 
fishes and Rays, support the branchial apertures. 

The pectoral arch (Figs. 151,167, fed) consists of a single cartilage, with, 
however, in most of the Sharks, a mesial flexible portion by: which it is divided 
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into right and left halves. Each Literal half consists of a dorsal scapular and 
a ventral coracoid part, the two being separated by the articular surfaces for 
the basal cartilages of the lin. In the Rays, but not in the Sharks, the dorsal 
ends of the pectoral arch are connected with the spinal column (anterior 
vertebral plate) by a distinct articulation, the portion of the arch on which 
the articular surface is situated sometimes forming an independent cartilage 
{supra-scapvla). 

The basal pterygiophores of the pectoral fin arc typically three, pro-, meso-, 
and meta-pterygium (Figs. 151 and 167), but there are sometimes four, and 
the number may be reduced to two. The pro- and meta-pterygia are divided 
in the Rays (Fig. 167) into several segments, and the former articulates, 
thiough the intermediation of a cartilage termed the antorbital, with the 
olfactory region of the skull. 

The pelvic arch {pi.) is usually, like the pectoral, a single cartilage, but in 
some exceptional cases it consists of two lateral portions. In some cases a 
median epipiibic process projects forwards from the pelvic arch, and frequently 
there is on each side a prepubic process. A lateral iliac process, which becomes 
highly developed in the Holocephali, is sometimes represented, and may attain 
considerable dimensions. The pelvic fin has usually two basal cartilages, 
representing the pro- and meta-pteiygia, but the former is often absent. In 
the male -.pedal cartilages attached to the mctapterygia support the daspers. 
With the basal cartilages of both pectoral and pelvic fins are connected a 
number of jointed cartilaginous fin-rays supporting the expanse of the fin. 

The arrangement of the muscles is simple. The trunk-muscles are divided 
into a pair of dorsal and a pair of ventral divisions, each composed of 
many myomeres with intercalated myocommata (Fig. 56, p. 66), following a 
metamenr arrangement. The ventral part, where it forms the muscles of the 
wall of the abdominal cavity, is composed externally of obliquely running 
fibres, and represents one of the two oblique musdes of the abdomen of higher 
forms. Mesially this passes into a median band of longitudinally running 
fibres corresponding to a primitive rectus. The musdes of the limbs are 
distinguishable into two main sets -those inserted into the limb-arch and 
those inserted Into the free part of the appendage The latter, according to 
their insertion, act as elevators, depressors, 01 adductors. A series of circular 
musdes passes between the cartilages of the visceral arches and, when they 
contract, have the effect of contracting the pharynx and constricting the 
apertures. A set of musdes pass between the various arches and act so 
as to approximate them; and a broad sheet of longitudinal fibres divided 
into myomeres extends forwards fiom the shoulder-girdle to the visceral 
arches. 

Oaetrie organs —organs in which electricity is formed and stored up, to be 
discharged at the will of the Fish—occur in several Chondrichthyes. They 
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are best developed in the £lectric Rays and (Hypnarce and Torpedo, Fig. 169), 
in which they form a pair of large masses running through the entire thickness 
of the body, between the head and the margin of the pectoral fin. A network 
of strands of fibrous tissue forms the support for a number of vertical prisms, 
each divided by transverse partitions into a large number of compartments 

or cells. Numerous nerve-fibres 
** 4 u - pass to the various parts of the 

» organ. These are derived mainly 

from four nerves, which originate 
from an electric lobe of the medulla 
oblongata, with a branch from the 
trigeminal. By means of the 
electric shocks which they are able 
to administer at will to animals 
in their immediate neighbourhood, 
the Torpedoes are able to ward 
ofl the attacks of enemies and to 
kill or paralyse their prey. In 
the other Rays in which the 
electric organs are developed they 
x f \ \ are comparatively small OTgans 

A . situated at the sides of the root 

>1 \ I A of the tail. In all cases the cells 

V '1 ^ . '' are formed from metamorphosed 

muscular fibres. 

\IJ ^ Luminous organs by the agency 

°i which a phosphorescent light is 
- - y produced occur on the .surtacc of a 
^./ few oceanic elasmobranchs. 

Fig. 169 -A Torpedo with the electric orgaub DigOSttVO System. — Teeth arc 

^^SSSTlSXS'tt develop on the paUtoqnedmtc 

nerves pauiiig to the organ are shown. Ihe roof and On Meckel's Cartilage. They 
of the shall u removed to bring the train inLo view. , . , 

hr. gills ; /. spiracle; o. eyes? fr. trigeminal, tr l . are arranged in several parallel 

its electric branch; 1. vagus, /, fore-brain; Jf. rows and are develoned from a 

midbrain. Ill, cerebellum, IV, electric lobe. rOVyh ' anQ " e aevelo F Q lroin a 

(Kiom ( .egenbaui ) groove within the margin of 

the jaw, successive rows coming 

to the front, and, as they arc worn out, falling off and being replaced by 

others. In the Sharks the teeth are usually large, and may be long, narrow, 

and pointed, or triangular with serrated edges, or made up of several sharp 

cusps; in the Rays, however, the teeth are more or less obtuse, sometimes, 

as in the Eagle-Rays, forming a continuous pavement of smooth plates covered 

with enamel, adapted to crushing food consisting of such objects as shell-fish 
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and the like. The Sharks have a prominent tongue supported by the median 
basihyal; this is entirely or almost entirely absent in the Rays. The various 
divisions of the alimentary canal are similar in all the members of the class to what 
has already been described in the case of the Dogfish. A spiral valve is always 
present in the large intestine, though its arrangement varies considerably in 
the different families. In some cases (e.g. Carcharinus) the fold is not a spiral 
one, but, attached by one edge in a nearly longitudinal line to the intestinal 
wall, is rolled up in the shape of a scroll. A pair of pyloric caeca occur in 
Somntosus. Appended dorsally to the rectum is a median glandular caecum, 
the rectal gland. The rectum always terminates in a cloaca, into which the 
urinary and genital ducts also lead. There is alwaysa voluminous liver and 
a well-developed pancreas. 

A thyroid lies in the middle line behind the lower jaw. A representative 
of the thymus lies on cither side, a little below the upper angles of the branchial 
clefts. 

The respiratory organs of the Chondrichthyes always have the general 
structure and arrangement already described in the case of the Dogfish. In 
the Rays the water for respiration is taken in mainly through the spiracles; 
in the Sharks through the mouth. 

In addition to the gills supported on the liyoid and branchial arrhes there 
is also in the Notidanidse a gill on the .ulterior side of the spiracular deft the 
spiracular giU —represented in many others by a rete mrabtle or network of 
blood-vessels {pseudobranch). In (etorhmus (the Basking Shark) there is a 
series of slender rods, the gill-rakers, which impede the passage outwards 
through the branchial clefts of the small animals on which those Sharks 
feed, 

Blood-system. —The heart lias, in all essential respects, the same structure 
throughout the group. The conus arteriosus is always contractile, and con¬ 
tains several rows of valves. The general corn so of the circulation is the 
same in all (see p. 186), with some variation in the precise arrangement of the 
vessels. In some of the Rays the ventral aorta and the roots of the afferent 
vessels are partly endosed in the cartilage of the basi-bianchial plate. 

The brain attains a much higher stage of development than in the 
Cyrlostomata. The fore-brain greatly exceeds the other divisions in size. In 
Scymnorhinub there arc two widely-separated parentcphalic lobes or cerebral 
hemispheres containing large lateral ventrides. In other genera there is at 
most, as in the Dogfish, a median depression ol greater or less depth, 
indicating a division into two lateral portions. In Scyliorhtnus, as already 
pointed out, there is a median prosoccele which gives rise anteriorly to two 
lateral ventricles, or paracceles, and the same holds good of Sqmtina and 
Squalus. In most Rays there is only a very small prosocoele without anterior 
prolongations; in Myliobatis this is absent. The olfactory bulbs are of great 
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size, in some cases with short and thick, in others longer and narrower, stalks. 
In Scylhrhinus, Squatina, and Squalus, as well as in Scymnorhinus, they 
contain ventricles (rhinocales) continuous with the paracceles; in the Rays 
they are solid. 

The diencephalon is of moderate extent. On its lower aspect are a pair of 
rounded lobi inferiores, which are of the nature of dilatations of the infundi¬ 
bulum, and a saccus vasculosus, which is a diverticulum of the infundibulum; 
directly below the saccus vasculosus lies the hypophysis. The epiphysis is 
long and narrow. 

In the hind-brain the cerebellum is relatively greatly elongated and overlaps 
the optic lobes and sometimes also the diencephalon in front, while behind it 
extends over the anterior part of the medulla oblongata. It usually contains 
a cerebellar ventricle or cfiicale. The medulla is elongated in the Sharks, 
shorter and more triangular in the Rays. The Electric Rays are characterised 
by the presence of the electric lobes, rounded elevations of the floor of the 
fourth ventricle. 

Organs of Sense.—Integumentary sense-organs [neuromasts, p. 109) arc 
highly developed in the (hondrichthyes. They an' supplied, as already 
mentioned, by branches of the nerves of what is known as the lateral system, 
comprising, in addition to the lateralis, nerves in relation with the facial and 
sometimes the glossopharyngeal. These integumentary sense-organs occur in 
the interior of a continuous system of closed tubes, the sensory tubes, more 
rarely of open grooves. The chief canals of this system are a lateral-line canal, 
running along the middle of each side of the body, which is continuous with 
certain canals in the head : these communicate with the exterior at intervals 
by small pores. In addition to the canals of the lateral-line system there are 
a number of isolated canals, the ampuUary canals, with neuromasts contained 
in terminal enlargements or ampulla’, these, which are peculiar to the 
( hondrichthyes, are most numerous about the snout region. Of similar essential 
character are the vesicles oj Savi which occur in the Electric Rays. 

The olfactory organs are a pair of cavities opening on the lower surface of 
the head, a little distance in front of the mouth, and cudosed by the 
cartilaginous olfactory capsules of the skull. Their inner surface is raised np 
into a number of ridges on which the fibres of the olfactory nerves are 
distributed. The eye has a cartilaginous sclerotic, and is in most cases 
attached to the inner wall of the orbit by means of a cartilaginous stalk. 
There appears to be no mechanism providing for accommodation. A fold of 
the conjunctiva resembling the nictitating membrane, or third eyelid of higher 
Vertebrates, occurs in some Sharks. The ear consists of the membranous 
vestibule, which is partly divided into two (utriculus and sacculus), from 
which arise the three semicircular canals with their ampulke, and also the 
aqueduetds vesttbuli or endolymphatic duct —which opens to the exterior on the 
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dorsal surface of the head, fn the Kays the .semicircular canals form almost 
complete circles and open separately into the vestibule by narrow ducts. 

Urinogenttal Organs. —The kidneys, as already noticed in the account given 
of the Dogfish, differ somewhat in their relations in the two sexes. In the 
male the anterior portion persists in the epididymis, and its duct becomes the 
spermiduct, while the posterior portion, which is the functional kidney, has a 
duct or ducts of its own. In the female there is no direct connection between 
the reproductive and renal organs; the anterior portion of the kidney may 
be functional, and its duct persists, opening along with those of the 
posterior portion. In the male the urinary ducts open into a median 
chamber—the urinogcnttal sinus —which extends into the cloaca, and receives 
also the ppermiducts: it communicates with the general cavity of the 
cloaca by a median opening situated on a papilla- the nrinogenttal papilla. 
In the female there is a median urinary sinus, into which the urinary ducts 
open, or the latter may open separately into the cloaca. 

Save in certain exceptional cases (e.g. Scyliorhinus), there arc two ovaries, 
varying considerably in form, but always characterised towards the breeding 
season by the great size ot the follicles enclosing the mature ova. The 
oviducts (Mullerian ducts) are quite separate from the ovaries. The right and 
left oviducts come into close relationship anteriorly, being united in the middle 
on the ventral surface of the oesophagus, where each opens by a wide, orifice 
into the abdominal cavity, or both open by a single median aperture. The 
following part of the oviduct is very narrow; at one point it exhibits a 
thickening, due to the presence in its walls of the follicles of the shell-gland. 
.Behind this is a dilated portion which acts as a uterus, and this communicates 
with the cloaca through a wide vagina. A considerable number of the 
Chondrichthyes are viviparous, and in these the inner surface of the uterus 
is beset with numerous vascular villi, while the shell-gland is small or 
vestigial. 

The testes arc oval or elongate : the convoluted epididymis is connected 
with the anterior end by efferent ducts, and fiom it arises the vas deferens. 
The latter is dilated near its. opening into the urinogenital sinus to form an 
ovoid sac—the vesicula seminahs. A sperm-sac is sometimes present, opening 
close to the aperture of the vas deferens. The Mullerian ducts are vestigial 
in the male. 

Impregnation is internal in all the Chondrichthyes with the possible 
exception of Somniosus (the Greenland Shark), the daspers acting as intro- 
mittent organs by whose agency the semen is transmitted into the interior of 
the oviducts. 

In all the Chondrichthyes the ova are very large, consisting of a large 
mass of yolk-spherulcs held together by means of a network of protoplasmic 
threads, with, on one side, a disc of protoplasm—the germinal disc. The 
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process of maturation is similar to that observable in holoblastic ova; one 
polar body is thrown off in the ovary, the other apparently at impregnation. 
The ripe ovum ruptures the wall of the enclosing follide and so passes into 
the abdominal cavity to enter one of the oviducts through the wide abdominal 
opening. Impregnation takes place in the oviduct, and the impregnated 
ovum in the oviparous forms becomes surrounded by a layer of semi-fluid 
albumen and enclosed in a shell of keratin secreted by the shell-gland. The 
shell varies in shape somewhat in the different groups: most commonly, as 
in many Dogfishes (Fig. 163), it is four-cornered, with twisted filamentous 



appendages at the angles, by means of which it 
becomes attached to sea-weeds and the like. 
In the Skates the filaments are absent. In the 
Port Jackson Sharks (Heierodontus, Fig. 170) 
it is an ovoid body, the wall of which presents 
a broad, spiral flange. The young Shark or 
Kay goes through its development enclosed in 
the shell, until it is fully formed, when it escapes 
by rupturing the latter. In the viviparous 
forms the ovum undergoes its development in 
the uterus, in which in most cases it lies free 
—except in some Mustclidae and farcharinidx, 
in which there is a close connection between 
the yolk-sac of the embryo and the wall of the 
uterus, folds of the former intenligitating with 
folds of the latter, and nourishment bring thus 
conveyed from the vascular system of the 
mother to that of the foetus by diffusion. In 
some of the viviparous forms a distinct though 


]<i&. 170.- -Hgg-L.ise of Hetero- very delicate shell, sometimes having rudiments 
flontu gatoatiia. (After w ^ the filaments, is formed, and is thrown ott 


in the uterus. In the genera Rhinobatus and Tiygonorhina, which are both 
viviparous, each shell encloses not one egg, but three or four. Somniosus is 
said to differ from all the rest of the (Jiondrichthyes in having the ova fertilised 
after they have been deposited, as well as in the small size of the ova. 

Development. —Cleavage is mcroblastic, 1 being confined to the germinal 
disc, which, before dividing, exhibits amoeboid movements. While cleavage 
is going on in the germinal disc there appears a number of nuclei, the heads of 
accessory sperms, in the substance of the yolk. When cleavage is complete* 
the blastoderm appears as a lens-shaped disc, thicker at one end— 
the embryonic end. A segmentation-cavity appears early beneath the 
blastoderm. 


1 Except in one !>pecios> oi I'erfracion. 
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An in-folding (Fig. 171) now begins at the posterior edge of the thickened 
embryonic blastoderm, which here becomes continuous with the cells of the 
lower layer. The cavity {<?/), at first very small, formed below this in-folding 
is the rudiment of the archenteron, and the cells lining this cavity above, which 



Kig. 171. —Longitudinal section through the blastoderm of a Priftinnu embryo before the 
medullary groove has become formed, showing the beginning of the process of in-folding or 
invagination, a/, archonteron, ep. ectoderm; cr, embryonic run; tn, mesoderm. (After 
Balfour.) 

form a definite layer, partly derived from the in-folded blastoderm, partly 
from tbe cells of the lower layer, are the beginning of the definite endoderm. 
The edge of the in-folding, entitled the embryonic rim, is obviously the 
equivalent of the dorsal lip of the blastopore in Amphioxus. The endoderm 
and its underlying cavity soon grow forwards towards the segmentation-cavity. 
Under the latter appears a floor of lower-layer cells, but the cavity soon 
becomes obliterated as the archenteron develops. 



Fig. 172 - -Pristiunia, transverse section oi blastoderm, showing the foimation ot the meso¬ 
derm. bp . /. dorsal lip of blastopore : r. b 1 external (.celomic bay; c. b .* internal cceloxmc bay; 
re. ectoderm, en. endoderm; m. f medullary fold; tn, gr, medullary groove; ms. 1 external 
rudiment of mesoderm; ms. 1 internal rudiment of mesoderm; itc. notochord; yh. yolk; yk, n. 
yolk nuclei. (From O. Ilertwig, after Kabl) 


Affer the formation of the embryonic rim a shield-like embryonic area is 
distinguishable in front of it, with two folds bounding a groove—the medullary 
groove. The mesoderm becomes established at about the same time. It is 
formed from two separate and distinct sources (Fig. 172). Along the edge of 
the embryonic rim appears a horizontal groovc-like depression: this -the 
external calomic bay ( c . b. 1 ) —marks the line of origin of the peripheral part 
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of the mesoderm (m. a. 1 ), which grows inwards from it as a plate of cells 
between the ectoderm and the endoderm. The central part of the embryonal 
mesoderm (m. s.*) is developed from the endoderm at a point immediately 
external to the rudiment of the notochord: here also a slight groove—the 
internal calomic bay (<. 6.*)—is distinguishable, and from this a plate of 
mesoderm cells grows outwards. Eventually the peripheral and central plates 
of mesoderm rome into contact and coalesce to form a continuous sheet on 




lio 173 —Diagrammatic longitudinal sections of an Ohondnchthyui embryo. A , section 
of tlie young blastoderm with segmentation-cavity enclosed in the lower lajer cells, li, oldei 
blastoderm with embryo in which endoderm and mesoderm are distinctly formed, and in 
which the alimentary slit has appeared 7 he segmentation-cavity is still repiesented as 
being present, though by this stage it has in reality disappeared 6, older blastoderm with 
embr>o m which the neural canal has become formed and is continuous posteriorly with the 
alimentary canal Lctoderm without shading mesoderm and also notochord black with clear 
outlines to the cells, endoderm and lower layer te]b> with simple shading al alimentary 
cavity, ch notochord, op. ectoderm, m mesoderm it nuclei of yolk, vc ueuiocoelc sg 
segmentation-cavity, a. point where ectoderm and endoderm become continuous at the 
posterior end of the embryo (From Balfour) 

each side of tlie middle line. Though the mesodermal rudiments, peripheral 
and central, contain no cavities, the grooves (calomic bays) from which their 
development takes its origin may represent the cavities of the ccelomic sacs 
of Amphioxus. 

As the blastoderm extends over the yolk, its posterior edge assumes the 
form of two prominent caudal swellings (Fig. 174, cd.). The medullary groove 
meanwhile deepens, and its edges grow over so as to form a canal (Fig. 173, C, 
Fig. 175). The union takes place first in the middle, the anterior and posterior 
parts (Fig, 175, neur.) remaining open for a while. When the posterior part 
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doses, it does so in such a way that it encloses the blastopore, ami there is 
thus formed a temporary passage of communication between the medullary 
canal and the archenteron—the neurcnteric passage. 

The ectoderm gives rise, as in Vertebrates in general, not only to the 
epidermis and the central nervous system, but also to the peripheral nervous 
system, the lining membrane of the olfactory sacs, the lens of the eye, and the 
lining membrane of the auditory labyrinth of the mouth, and of the outer 
portions of the cloaca and gill-defts. 

The notochord (Fig. T73 C, ch.) is developed as a cord of cells derived from 
the dorsal lip of the blastopore. 

Each lateral sheet of mesoderm, soon after its formation by the coalescence 



medullaiy groove just beginning, bl . e edge of 
blastoderm, bl p blastopore; cd. iaiul.il 
swellings, hd. head. (After Sedgwick) 



1 10 175 Lmbryo of a Bay vith the 
medullary' groove closed except at the hind 
end. The notched cinbiyomc part of the 
blastoderm has giown faster than the rest 
and come to project over the surface of the 
yolk bl. e. edge of blastodeim , hd head , 
ueur. unenclosed pail of the neurtxade 
f \(ter Sedgwn k) 


of the peripheral and central rudiments, becomes divided by the development 
of a horizontally directed cleft-like space in its interior. The inner part of 
each sheet then separates lroin the outer by the formation of a longitudinal 
fissure. The former, which is known as the vertebral plate, becomes divided 
by transverse fissures into a number of squarish masses, the mesodermal 
somites. The outer part forms a broad plate, the lateral plate. The lateral 
plate consists of two layers, a dorsal or somatic, and a ventral or splanchnic, 
and the cavity between them is the beginning of the coclonu.. The somites send 
off cells round the notochord to form the bodies of the vertebra, the remainder 
of the somites giving rise to the muscles of the voluntary system. An isthmus 
of mesoderm cells (1 nephrotomc ), which still connects each protovertebra with 
the lateral plate and contains a prolongation of the cavity, gives rise to the 
proncphric duct and tubules. The lateral plates eventually unite veutrally, 
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and their cavities coalesce to form the body-cavity. The parts derived from 
the mesoderm are the system of voluntary muscles, the dermis, the inter¬ 



muscular connective-tissue, the endo- 
skeleton, the muscular and connective- 
tissue layers of the alimentary canal, 
the vascular system, and the generative 
organs. The segmentation of the 
mesoderm extends into the head where 
the somites give rise to the extrinsic 
eye muscles. On the formation of the 
gill-clefts, a series of visceral muscle 


plates appear, the cells of which give 



rise to the cartilages and muscles of 
the branchial, hyoid, and mandibular 
arches. 

By degrees the body of the young 
fish becomes moulded on the blasto¬ 
derm. This is effected by the forma¬ 
tion of a system of folds, anterior, 



I*1G. 176 —Three views of the developing 
egg of a Clondrichthyan, showing the em¬ 
bryo, the hlastodenn, and the vessels of the 
yolk-s<u.. The shaded part (W) is the blasto¬ 
derm, the white part the unroveied yolk. 
A, voung stage with the enibr\o still at¬ 
tached at the edge of the blastoderm; B, 
older stage with the \ulk nnt quite enclosed 
by the blastoderm, t, stage after the com¬ 
plete closure ot the volk a arterial trunks 
of yolk-sac, l>l. blastoderm, r. venous 
trunks of yolk sac , y. point of closure of the 
yolk-blastopnre; *, portion of the blasto¬ 
derm outside the arterial sinus tcrnunalis. 


(From Balfour) 


posterior, and lateral, which grow 
inwards in such a way as to separate 
off the body of the embryo from the 
rest of the blastoderm enclosing the 
yolk. As the folds approach one 
another in the middle, underneath the 
embryo, they come to form a con¬ 
striction connecting the body of the 
embryo with the yolk enclosed in the 
extra-embryonic part of the blasto¬ 
derm. The process may be imitated if 
we pinch oft a portion of a ball of 
clay, leaving only a narrow neck con¬ 
necting the pinched-off portion with 
the rest. The body of the embryo is 
thus gradually folded off from the yolk- 
sac and comes to be connected with 
it only by a narrow neck or yolk-stalk 
(Fig. 176). The head and tail of the 


young Fish soon undergo differentiation and a series of perforations at the sides 
of the neck (Fig. 177) form the branchial clefts and spiracle. A number of very 
delicate filaments (Figs. 177,178) grow out from these apertures and become 
greatly elongated; these are the provisional gills, which atrophy as the develop- 
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meat approaches completion, their bases alone persisting to give rise to the 
permanent gills. The great development of these gill-filaments in the embryos 
of some viviparous forms suggests that, in addition to their respiratory 
functions, they may also serve as organs for the absorption of nutrient fluids 
secreted by the villi of the uterine wall. 1 The fins, both paired and unpaired, 
appear as longitudinal ridges of the ectoderm enclosing mesoderm. In some 
Chondrichthyes the paired fins are at first represented on each side by a 
continuous ridge or fold, which only subsequently becomes divided into 
anterior and posterior portions -the rudiments respectively of the pectoral 
and pelvic fins. Into these folds penetrates a series of buds from the somites: 
these, the musch-bttds, give rise to Ihe fin-muscles; at first, from their mode 



I'Hv 177 -Side view ot head uf 
trnbryo of ScjUorhinuB canieula, 
with the rudiments of the gills on 
the first and second bramInal 
arches. e\r, e>c ( m htn nml 
brain, tnnd, mandible, na n 
nasal sac (\fter Scdgwuk ) 



1* ig 178 —Side view of the head 
of Scyliornimu eanitmla at a some¬ 
what later stage The gill filaments 
have increased in number and are 
presc nt on the mandibular aich anq 
nngli of the jaw, hy h> oid , m. hr ft 
mid biain was nasal sac, sp\r 
spiralk (AIter bedgw lek) 


of origin, they present a metameiir arrangement, but this is in gieat measure 
lost during development. 

Ethology and Distribution.—'The habits of the active, fieice, and voracious 
Sharks, which live in the surface-waters of the sea, waging war on all and sundry, 
contrast strongly with those of the more sluggish Rays, which live habitually 
on the bottom, usually in shallow water, and feed chiefly on crustaceans and 
molluscs, with the addition of such small fishes as they ran capture. As a 
group, the Chondrichthyes, more particularly the Sharks, ate distinguished by 
their muscular strength, the activity of their movements, and also by the 
acuteness of their senses of sight and smell. 

Nearly all are marine: some ascend rivers: a very few live habitually in 
fresh water. 

1 In a specie* of liygon a number of the villi of the uteius project mto the pharynx of the 
ftgtufc through the spiracles, and nourishment is probably received by this means. 
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None of the Chondrichthyes is of very small size, and comprised among 
them are the largest of living Fishes: the harmless Basking Sharia (Cetorhtnus) 
sometimes attain a length of 35 feet or more, the formidable Great Blue Shark 
(Carcharodon) sometimes readies 30 feet, and some of the Rays also attain 
colossal dimensions. In this respect, however, recent Sharks and Rays are 
far behind some of the fossil forms, certain of which, if their general dimensions 
were in proportion to the size of their teeth, must have reached a length of as 
much as 80 feet. 

Sub-Class Holooephali. 

The Holocephali appear first in the lower Jurassic as a branch from the 
Bradyodont stock (p. 174), and replaced that group after its extinction during 
the Permian period. 

Although definitely Chondrichthyes, as is shown by the presence uf claspers 
in the male, by the large egg-cases, the placoid scales when present (in modem 
species the skin is naked 1 ), and by the general similarity of anatomical 
structure to that of the Euselachii, the group has nevertheless a number of 
well-defined characters which entitle its representatives to be placed in a 
separate sub-class. In the first place, the holostylic jaw suspension is 
characteristic (see p. 74), as are the extra claspers on the head and in front 
of the normal pair on the abdomen. The numerous calcified rings round the 
unconstricted notochord and the presence of an operculum are characters 
which differentiate the Holocephali from the Euselachii. The dentition is also 
highly peculiar in the composition of the tooth-plates, as well as in their 
shape. There is no enamel, but, instead, a layer of vitro-dentine, and the 
pulp cavity is much reduced. The teeth are in the form of tritural plates 
formed, no doubt, by a fusion of originally separate denticles. Of these 
plates there are two pairs in the upper jaws, a small anterior and a larger 
posterior pair, and one large pair on the lower jaws. The arrangement of 
these plates producing the " parrot "-like beak has contributed largely to the 
peculiar modification of the whole skull. The microscopic structure of the 
teeth is much like that of the Bradyodonti. 

The earliest known representatives of the Holocephali differ very little in 
essential characters from the living forms. Squaloraja (Fig. 17 q) and ilyria- 
canthus arc representative and fairly completely known examples. 

The existing representatives of the Holocephali are included under the 
single family Chimariia, containing three genera— Chimera, Callorhynchus, 
and Harriotta. Even taking in fossil forms, the groqp is a very small one; it 
agrees in many fundamental characteristics with the Elasmobranchii, and is 
sometimes included in that sub-class. Of the recent genera, Chinuera, the 
so-called '* King of the Herrings " (Fig. 180, I), is found on the coasts of 
1 A few placoid scales occur ou the claspers. 
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Europe, Japan, and Australia, the west coast of North America, and at the 
Cape of Good Hope; Callorhynchus (Fig. z8o, II) is tolerably abundant in 
the South Temperate seas; Harriotts (Fig. 180, III) is a deep-sea form. 



Fig 179.—A. ttKitli-plates of MyrtacaiUhtu ; B, dorsal view of A aualoraja , L, tooth-plates of 
Callorhynchus, U, tooth-plates of Squalaaja; K, tooth plates of Rhynchodus , F, tooth-plates 
of Hariotia ; G, tooth plates of Llasmodits. A. cl anteiior dasper; c. paired cartilages, cl 
clasper; /r. fused post-occipital vertebrae, pst. picdentary tooth, pt palatiue tooth, p. vt 
prevomenne tooth, r. rostrum, st. tooth plate of lower jaw, t a tntoral area, ft tentaiulum, 
v. c, vertebral column; v. / vomerine tooth (Trom Goodrich.) 

External Charaeters. —The general form of the body is Shark-like, but the 
large, compressed head and small mouth are strikingly different bom the 
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depressed, shovel-headed head and wide mouth of most Selachians. The 
mouth is hounded by lip-like folds, two of which, placed laterally and 
supported by labial cartilages, resemble the folds in vthich the piemaxilise and 
maxilla of many Bony Fishes are enclosed: a third fold, external to 
and concentric with the mandible, is also supported by labial cartilages 
and has the appearance of a second or external lower jaw. In Chimara 
the snout is blunt, in Harriotta long and pointed; in CaUorhynchus it is pro¬ 
duced into a rostrum, from the end of which depends a large cutaneous flap 
abundantly supplied with nerves and evidently serving as an important 
tactile organ. 

A still more important difference from Sharks and Rays is the possession 
of only a single external branchial aperture, owing to the fact that a 
fold of skin, the ‘ operculum , extends backwards from the region of the 
hyoid arch and covers the true gill-slits, which thus come to open into a 
common chamber situated beneath the of>crculum and communicating with 
the exterior l>y a single secondary branchial aperture placed just anterior to 
the shoulder-girdle: there is .no sniracle . Equally characteristic is the 
circumstance th at the urinoge nital aper ture is distinct from and behind the 
anus, the re bei ng no c loaca. 

There are two large dorsal fins and a small ventral; the caudal fin is of 
the ordinary hetcrvcercal type in the adult CaUorhynihm, but in the young 
(Fig. 18b) the extremity ot the tail proper is not upturned, and the fin-rays 
are arranged symmetrically above and below it, producing the form of tail- 
fan called diphycercal. In Chimera the tail may be produced into a long 
whip-like filament. 'Ihe pectoral and pelvic fins are both large, especially 
the former. 

In the male there is a horizontal slit situated a little in front of the 
pelvic fins; it leads into a shallow glandular pouch, from which can be 
protruded a peculiar and indeed unique apparatus, the anterior clasper, consist¬ 
ing of a plate covered with recurved dermal teeth, to which is added, in 
CaUorhynchus, a plate rolled upon itself to form an incomplete tube. The 
use of this apparatus is not known. A rudiment of the pouch occurs in the 
female, although the claspcr itself is absent. The male assesses, in addition, a 
pair of the ordinary myxopterygia or posterior claspers, and is further distin¬ 
guished by the presence of a little knocker-like structure, the frontal clasper, 
on the dorsal surface of the head. In Harriotta the paired rlaspers are poorly 
developed, and the frontal clasper is absent. 

The lateral line is an op en gr oove in C himasra , a closed tube in Callor- 
hynchus, and there are numerous sensory pits, arranged in curved lines, on the 
head. The skin is smooth and silvery, a nd bears f o r the most part n o exoskeletal 
str uctures. There are, howev er, delicate, recu rved dermal t eet h on the an terior 
and frontal daspers, and the fi rst do r sal fin is supported by an lmm ense bony 
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spine ordemal defence. In the young, moreover, thereis a double rowof 
small deniial. teeth along tiie bank. : 

Endoskeleton. —The vertebral column consists of a perastentnotochordwith 
cartilaginous arches. In Chinuera. 'bui not in Callorhynchus ,there are calcified 
rings (Fig. 181, c. r.) embedded in the sheath of the notochord. The anterior 
neural arches are fused to form a high, compressed, vertical plate, to which 
the first dorsal fin is articulated. The cranium (Figs. 182 and 183) has a very 
characteristic form, largely owing to the compression of the region between 



Fig. 182.—Chimera monstlOM, lateral view of 
skull, a t _ s. c. position of anterior semicircular 
canal; c.hy. ceratohyal; *.hy. epihyal; fr.cl. 

Fig, i8x. —Chimari Haonatroaa. A, frontal dasper; h. s. c. position of horizontal semi- 
transverse section of the vertebral column; circular canal; i. o. s. interorbital septum; lb. i, 
U, lateral view of the same. c. r. calcified lb. 2, lb. 3, labial cartilages; Mck . G. mandible; 
ring; h. r. h ae m al ridge; ini. intercalaiy Nv. 2 % optic foramen; Nv. zo, vagus foramen; olf. 
piece; n. a. neural arch; nch. position of cp. olfactory capsule; op. f. opercular rays; pal.qu. 
notochordal tissue; nch. sh. sheath of palatoquadrate; ph-hy. phaxyngohyal; p. s. c. 
notochord; n. &p. neural spine. (After position of posterior semicircular canal; qu. 
Hasse.) quadrate region ; r. rostrum. (After Hubrecht.) 

and in front of the large orbits, which are separated from the cranial cavity 
only by membrane in Callorhynchus (Fig. 183, or.) ; in Chimara they lie above 
the level of ^he cranial cavity and are separated from one another by a median 
vertical partition of fibrous tissue (Fig. 182, ». 0. s). At first sight .the palato ¬ 
quadrate, or primary upper ia.w, appears to be absent, but a little consideration 
shows it to be represented by a triangular plate [ 4 >a l. gtf.) which extends 
downwards and Outwards from each side Qf the cranium and presents at its 
apex atacet for the articulation of the mandible. The palatoquadrate is 
therefore fused with the cranium and furnishes the sole support for the lower 
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jaw; in a word the skull is holostylic, The pituitary fossa (Fig. i8j, s. t.) is 
very deep and inclined backwards; on the ventral surface of the basis cranii 
is a pit (j>t.) for the extra-cranial portion of the pituitary body. The posterior 
portion of the cranial cavity is very high; the anterior part—containing most 
of the fore-brain—is low and tunnel-like, and has above it a cavity of almost 
equal size (Nv. 5 o'.) for the ophthalmic branches of the fifth nerves. The 
greater part of the membranous labyrinth is lodged in a series of pits on the 
side-walls of the cranium (a. s. c., p. s. c.), and is separated from the brain by 
membrane only. The occipital region articulates with the vertebral column 
by a single saddle-shaped surface or condyle ( pc . c».). There is a great 
devdqpment of labial cartilages, particularly noticeable being a huge plate 
which, in CaUorhynchus, lies just externally to the mandible, nearly equalling 
it in size and having the appearance of a secondary or external jaw. In 
(aUorhynchus the snout is supported by three cartilaginous rods growing 
lorwanl from the cranium, of which one (r.) is median and dorsal and 
represents the rostrum; these, as well as the great lower labial, are represented 
by comparatively small structures in Chimcera (Fig. 182, lb.3). 

The hyoid resembles the branchial arches in form and is little superior to 
them in sue. Above the epihyal (Fig. 182. e. h.y) is a small cartilage (ph.hy.), 
evidently serially homologous with the pharyngobranchials, and therefore 
to be considered as a pharyngolmil It represents the liyomandibular of 
Selachians, but, having no function to perform in the support of the jaws, it 
is no larger than the corresponding segments in the succeeding arches. Long 
cartilaginous rays (op. 1.) for the support of the operculum are attached to 
the ceratoliyal. 

The Jirst dorsal fin is remarkable ior having all its plerygiopliorcs fused 
in a single plate, which articulates with the coalesced neural arches already 
icfcrred to. The lemaining fins are formed quite on the Selachian type, as is 
also ilie shoulder girdle. The right and left halves of the pelvic arch are 
separate from one another, being united in the middle ventral line by ligament 
only; each presents a narrow iliac region and a broad flat pubo-ischial region 
perforated by two apertures or fenestra closed by membrane, one of them of 
great size in CaUorhynchus. The skeleton of the anterior clasper articulates 
with the pubic region. 

Digestive Organs. —The teeth (Figs. 179,183) are very characteristic, having 
the form of strong plates with an irregular surface and a sharp cutting edge. In 
the upper jaw there is a pair of small vomerine teeth (vo. <.) in front, immediately 
behind them a pair of large palatine teeth (pal. t.), and in the lower jaw a single 
pair of large mandibular teeth (mnd. t.). They arc composed of vasodentine, 
and each palatine and mandibular tooth has its surface slightly raised into a 
rounded elevation of a specially hard substance, of whiter colour than the 
rest of the tooth, and known as a tritor (<r.). The stomach is almost obsolete, 
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the enteric canal passing in a straight line from gullet to anus; there is a 
well-developed spiral valve in the intestine. 

Respiratory Organs. —There are three pairs of holobranchs or complete gills 
borne on the first three branchial arches, and two hmibranchs or half-gills, 
one on the posterior face of the hyoid, the other on the anterior face of the 
fourth branchial arch. The fifth branchial arch is, as usual, gill-less, and 
there is no deft between it and its predecessor. 



Fig. 183.—Cftllozhynchiii antixutknif, sagittal section ol skull; the labial cartilages are 
removed. a.s,c. apertures through which the anterior somuircnlar canal passes Irom the cranial 
cavity into the auditory capsule; e.Ld. aperture for endolymphatic duct; mck. c. Meckel's carti¬ 
lage ; mnd. U mandibular tooth; nch. notochoid; AY. 5, trigeminal foramen; Nv. 5. 0. foramen 
for exit of ophthalmic nerves; Nv. s/o', canal for ophthalmic nerves with apertures ot entrance 
and exit; Nv. 10 , vagus foramen; vc, cm. occipital condyle; or. fenestra separating cranial cavitv 
from orbit; pal. gn. palatoquadiate; pal t palatine tooth, pn, position of pineal body; pi . 
pit for extra-cranial portion erf pituitary body; p*s.c. apertures through which the posterior semi¬ 
circular canal passes into the auditory capsule; gu. quadrate region of polatoq uadrate; r. rostrum; 
sac . depression for sacculus; s. t. sella turcica ; tr. tntor; vo. t. vomerine teeth 


The small heart resembles that of the Dog-fish in all essential respects, 
being formed of sinus venosus, atrium, ventricle, and conus arteriosus, the 
last with three rows of valves. 

The brain (Fig. 184), on the other hand, is very unlike that of Scyliorhinus, 
but presents a fairly dose resemblance to that of Scymnorhinus. The medulla 
oblongata (med. obi.) is produced laterally into large frill-like restiform bodies 
[cp. rst.), which bound the hinder half of the cerebellum (cbhn.). The 
diencephalon (dien) is extremely long, trough-shaped, and very thin-walled, 
without pronounced optic thalaini; it is continued without change of diameter 
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into a distinct prosencephalon, which gives oil the cerebral hemispheres (crb. 
h.) right and left. The combined diacoele and prosocoelc (it. car.) are widely 
open above in a brain from which the membranes have been removed (A), 
but in the entire organ (B) are roofed over by a conical, tent-like choroid 



l it- 1&4 —GaUorhynoni ant&rctiahus. 1 doisol view ol biain ifter lemoval of the mera- 
hidne* p B, side view with the membiams in place cbltn. cerebellum f ih ph i, choioid plexus 
of fore-brain, and ch ph a, of hind bram tp ist corpus restifoimc cp. sfr. coipus stmtum , 
crb. h. cerebral htmibphme di. or diaculc dun dienccphalon , for, M foramen of Monro, 
U) %nf lobus mfenoi, rnd obi medulla oblongata, mt ca metaccele, Aw 2, optic nerve, Aw 5, 
trigeminal, At £, auditory, Ni to, vagus off l olfactory bulb, off p olfactory peduncle, 
opt l optic lobe, ph, b. pineal body , pv * pineal stalk, pty pituitary only 

plexus (ch. plx. 2). Tlic cavities of the small, spindle-shaped hemispheres 
(crb. It ), sometimes regarded as corresponding to olfactory lobes only, com¬ 
municate with the third ventricle by wide foramina of Monro (for. M ), partly 
blocked up by hemispherical corpora striata (cp, str.). Each hemisphere is 
continued in front into a slender thin-walled tube, the olfactory peduncle (olf. 
K p), bearing at its extremity a compressed olfactory bulb (olf. /.), 
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The optic nerves [Nv. 2) 1 mm «i chiasma. The pineal body {fin. b.) is a 
Mnall rounded vesicle borne in a hollow Stalk {fin . s) which runs just outside 

the posterior wall of the tent-like choroid plexus. 



The pituitary body ifity.) consists of intra- and 
extra-cranial portions, the former lodged in the 
sella turcica, the latter in the pit already noticed 
on the ventral*or'external face] of the skull-floor 
(Fig. 183, fit.). In advanced embryos the two 
an k united by a delicate strand ot tissue. 

Urinogenitsl Organs.— The kidneys (Fig. 185, 
kd.) arc lobed, deep-red bodies, like those of the 
Dog-fish, but shorter and stouter. In the male 
they are much longer than in the female; the 
anterior portion is massive, and consists mainly 
of a mass of true renal tubules; it is indistinctly 
divided into segments: the posterior portion is 
narrower and also indistinctly segmented; 
from both parts arise a numlier of ducts (meso¬ 
nephric ducts) the majority of which open into 
the vas deferens, while the last six open into the 
urinogenital sinus. In the female the ducts all 
open into a rounded median urtnary bladder or 
urinary sinus, situated between the two oviducal 
apertures. The female reproductive organs are 
also constructed on the selachian pattern, aud 
are chiefly noticeable for the immense size of the 
shell-glands and of the uteri. But the male 
organs present certain quite unique characters. 
The testes ( ts .) are large ovoid bodies the tubules 
ot which apparently do not contain iully- 
developed sperms, but only immature sperm- 
cells. These latter are piobably passed through 
vasa efferentia into the vas deferens, which is 
coiled in a highly complicated manner to from 
a body of considerable size, commonly termed 


lit 1S5 —(Morhynchui ant- 
rations. A, male urmogcmtal 
organs of left aide-ventral aspect, 
11 , interior part of ve&icula 
seminalib in section cl cloaca, 
iptd. epididymis: kd kidney, 
mul a. Mullerian duct, sph 
spermatophores, ts . testa. u.g s 
opening of unnogenital smus; v. 
af. vas deferens, vs. sent, vesi- 
cula seminalis. (A after Redeke.) 


the epididymis, closely applied to the surface of 
the anterior part of the kidney. In this the 
sperms become aggregated into sfiermutofihores in 
the form of small ovoidal capsules surrounded 
by a resistant membrane and full of a gelatinous 
substance in which bundles of sperms are im¬ 
bedded. The lower end of the vas deferens (v. df.) 
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is dilated to form a large cylindrical vesimla sminalis (v. sent.) imperfectly 
divided into compartments by transverse partitions ( B) and filled with a 
greenish jelly. The spermatophores (spk.) are passed into these compartments 
and finally make their way through the central passage into the nrinogenital 
sinus («. g. $,). The vestigial Mullerian ducts (mul. i.) are much more fully 
developed than in the Dog-fish: they are complete, though narrow, tubes 
opening in front by a large common aperture into the coelome, and behind 
connected with the urinogenital sinus. 

Development. —Internal fertilisation takes place, and the egg becomes 
surrounded, as in the Dog-fish, by a homy egg-shell secreted by the shell- 
glands. The egg-shell of Callorhynchvs (Fig. t86 ) is of extraordinary size— 
about,, 25 cm. in length, or fully five-sixths as long as the abdominal cavity— 
and the elongated chamber for the embryo is surrounded by a broad, flat 
expansion covered on one side with yellow hair-like processes, and giving the 
shell a dose resemblance, doubtless protective, to a piece of kelp. The early 
devdopment resembles that of the Selachians; but the yolk becomes divided 
into nucleated masses which divide into smaller segments, and the smallest 
break away and become dissolved in a milky nutrient liquid which fills the 
spaces of the shell: the advanced embryo has elongated gill-filaments (br. /.) 
projecting through the branchial aperture (and probably serving to absorb 
the nutriment derived from the yolk), a diphycercal tail, and a curiously lobed 
and nearly sessile yolk-sac (yk. 5.). 

Fossil remains of Holocephali are known from the Lower Jurassic rocks 
upwards. As might be expected, they consist mostly of teeth and of dorsal 
fiu-spincs, but in some cases, and notably in Squaloraja, practically the whole 
of the skeleton is preserved. 

GLASS ACTINOPTERYGII. 

In this class are included all the commonest and most familiar fishes, such 
as the Cod, Sole, Herring, Eel, Salmon, etc., and, in addition, some of those 
fishes which used to be termed " Ganoids ”—viz. the Sturgeons, the Gaxpike 
(Lepidosteus) and the Bowfin (Amid). Polypterus and Calamoichlhys (or 
Erpetoichthys), at one time placed with the Crossoptciygii, are now also 
thought to be Actinopterygians. 

The Actinopterygii receive their name from the structure of the paired 
fins as seen in the more modem representatives of the group. Unlike the 
paired fins of the Chondrichthyes or the archipterygial fins of certain other 
fishes which have cartilaginous or bony basal supports projecting outside the 
body-wall, the modem actinopterygian fin has these supports reduced almost 
to vanishing point, and the fin web lying outside the body-wall is supported 
by the fin rays alone. To this statement the Polypterini and Chondrostei 
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(sturgeons) and some of the early Palaeoniscoids, being in a somewhat 
more primitive condition as regards their fin structure, must be re garded 
as exceptions. 

The structure of the scales, being ganoid as opposed to cosmoid (see 
p. 65), is an important diagnostic feature. The scales of most of the group, 
however, especially in the more recent forms, have gradually become modified 
by the loss of many elements, and may be reduced to thin horny structures, 
or, on occasions, may even be absent, add it is only from a knowledge of the 
ancestry that their essentially ganoid structure can be presumed. The endo- 
skeleton, at first cartilaginous, gradually becomes more and more ossified and 
more perfect mechanically. The tail, at first hetcrocercal, becomes semi¬ 
heterocereal, and finally homocercal or, more rarely, diphycercal. The in¬ 
vesting bones of the skull and jaws can be compared with those of the 
Choanichthyes, but show a certain amount of reduction in number and 
modification in shape. Of the anatomy of the soft parts, the earlier forms, 
to judge by what we can see in the persisting forms of the more primitive 
groups, such as the Sturgeons, Polypterini, Amia and Lepidosteus, there were 
present spiracles, abdominal pores, and a spiral valve in the intestine, struc¬ 
tures which the modern forms have lost. The gill structure has changed 
from a condition near the laminar type to the fully filainentar (Fig. 68 ). In 
exchange for a valvular conus in the ^eart a large elastic bulbus arteriosus 
has been evolved, the conus becoming reduced to one or, at most, two rows 
of valves. There is a gradual alteration of the genital ducts towards the 
specialised type of the tcleosts. The brain structure is characteristic in the 
large corpora striata, cerebellum and medulla, presence of the valvula ccrebclli, 
and in the absence of cerebral lobes. 

The class appears first in the Middle Devonian ( Chetrolepis ), and expanded 
into many lines, of which the majority became extinct, until finally the 
Teleosts alone remain, with the exception of the Sturgeons and a few others, 
to form the most numerous, most varied and most modern ot all living fishes. 

Owing to a lack of continuity over large tracts of the geological record, 
the classification of the Actinoptcrygii, especially in its details, presents much 
difficulty. The earliest known lonns arc placed in a group, probably a complex 
one, termed the Palaeoniscoidei, of which the first examples are found in the 
Middle Devonian and which, after an expansion during the Carboniferous and 
Permian periods, subsequently contracted and became finally extinct in the 
early part of the Cretaceous. During the Trias, however, a number of lines 
evolved from the Palseoniscoid stock, most of which also became extinct, 
although three branches persisted, one to lead to the modem Sturgeons, one 
to the Polypterini and the other expanded into a large number of parallel 
lines, collectively known as the Holostei. From this evolution during the 
Jurassic period arose the Teleostei, wliile two other, rather more primitive, 
vol. n. y 
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linuR still persist to the present day in Auiiu and Lepidosteus. The Polypterini, 
represented by Polypterus and Calamoichthys from the fresh waters of Central 
Africa, are considered to be survivors of the old Palaeoniscoid stock (see 
below, p. 232). 

Owing to their more primitive fin structure, the Chondrostei and Polypterini 
are grouped with the Palaeoniscoids as the Palaeopterygii, to distinguish them 
from later actinopteiygians, whose fins are without basal supports outside the 
body-wall which arc termed the Neopterygii. 

A condensed classification may therefore be written as follows: 

CLASS ACTINOPTERYGII. 

Sub-class Palffiopterygii 

Orders: Palsoniscoidei 
Chondrostei 
Polypterini (Cladistia) 

Sub-class Neopterygii 

Orders: Ginglymodi [Lepidnsteus]\ 

Protospondyli (Ama) IhOLOSTEI 
and many extinct lines j 
Isospondyli (*' Soft-rayed fishes) | ^ 

Acantiiopterygh (" Spine-rayed fishes ”)J 1 ELE 0 S 1 EI 

Sub-class Palsopterygii. 

Order Palboniscoidki. 

The Palaeoniscoidei may be supposed to have arisen from some ancestor 
common to themselves and the Choanichthycs. Palaeoniscoids, however, have 
some points of difference from the Osteolcpids, Coclacanths and Dipnoi on the 
one hand, and others, perhaps less deep-seated, by which they can lie 
distinguished from the later actinopterygians which have arisen from them. 

The main differences between these early actinopterygians and the 
crossopteiygians can be seen by comparing two such forms as PaUsoniscus 
and Osteolepis, when it will be seen that the former has large eyes with no 
mpre than four sclerotic plates, as against the large eyes and many sclerotic 
plates of the latter. In Palaoniscus (Fig. 187) the maxilla has a wide post¬ 
orbital extension which runs far backwards, and which is firmly supported 
by a large preopercular, which functionally replaces the squamosal of 
Osteolepis, and the cheek extends dorsally as far as the upper surface of the 
skull, and helps to obliterate the spiracular cleft. In Osteolcpis (Figs. 260, 261) 
the squamosal is a large bone, and the preopercular is very small, and the 
maxilla itsdf is smaller. The osteolepid skull is further characterised by the 
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internal nostril, by the transverse meso-cranial joint and by peculiarities in 
the dentition (p. 285), all of which are entirely unrepresented in the 
actinopterygian skull. In the fins of pakeoniscoids, while some of them have 
a series of divergent radials which form a short, rounded lobe, there is no 
defined central axis, and they are in no way archipterygial 'the structure of 
the scales is ganoid and not cosmoid (p 65), and their arrangement on the 




Iig i< 7 \, B — PalaoniflOUB. Uppu ligure Palnonuoni macropomui from NKhoiton and 
Ivdikkcr V, laifiil and 13 loistl ispcct of head Avi antorbital Hr brinchiostegals, 
(let ikithtuin D dcntur> J) Vt dtrmo pteiotu , D Sjh dtrmo split uotic, r Sr extra- 
srapnlis J Tr frontal J 0 mix a orbitals M\ nuxilh \a nostril, Op opercular, PA* 

panetil P op pre optnulu J* o post orbital Pt Hos rostral S 0 supra orbitals Sub O 

sub otbiUls S Clei upr» i Icilhmm s op sub < perculir & Sr bupra scapula i (After 
Wtstoll) 

tail is characteristic in that then !•> in ippaient break ot pattern in the lines 
of on the upper lobe ol the tail winch appear to run in a different 

direction from those on the body there is only one cloisal fin, as against 

two in the osteolepid 

Ihe PaLeomsculs arc essentially paLcozoic fishes which became replaced 
during the mesn/mr period by offshoots which specialised m various duections 
from the older-fashiontd stock that was then dying out. Of these offshoots 
only a bare remnant has persisted m the four lines represented by the 
Sturgeons, Pofypterus, Tepidotfem and Amta There were, however, many 
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c. 

Tig 188 Cheirolepu trailli. A restoration by Traquau from Smith Woodward B dorsal 
and C ventral views of head tnt Orb antorbital, C lav clavicle tin tlutlirum Fr frontal 
fu jugal Mx maxilla Op operrular, P Op pre opercular Pt Ir postfrontal, P Rqs / 
// prerostrals P M\ pre maxilla Par parietal, P Ttm post temporal, / 7am 
temporal & Op sub opercular, S l In supra cleithrum X Y bones of uncertain homology, 
(4 tier Watson) 
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other families evolved during the late Paheozoic and Mesozoic periods, all 
pursuing their own evolutionary lines, only to become extinct. All these may 
be placed in a rather loosely defined group, the Holostei, winch cannot be 
clearly defined from the earlier paheoniscoids on the one hand, nor their 
later representatives from the Teleosts on the other. It is largely a matter 
of various trends of evolution, but the Holostei show all of them a general 
trend which is quite separable from that of the Sturgeons (Chondrostei), in 
that there is no considerable loss of bone nor reduction of jaws. The fin 
structure and gradual loss of many primitive characters al&o differentiate 
them from Poly pier us. The general trend of evolution away from their earlier 
paheonistoid ancestors is shown by the forward movement of the point of 
suspension of the lower jaw and the greater freedom of movement of the 
maxilla so as to allow a wider gape. The hns become more definitely 



1 ic ifi<> - Bated* giwnhuidic*. ( Mur sic.n-.iu ) 


actinoptciygian, and the tail more and more homoiercal The whole skeleton 
becomes more mechanically efficient 

The superfamily Palaeoniscoidei therefore, for the present, must be regarded 
as a collection of families of scpaiate lines of evolution whose actual relations 
one to another is still uncertain. A review of known forms of the Devonian 
period shows that several lines had already become differentiated, and so 
diverse that it is not possible to select one as absolutely typical of the whole 
group. (lunrolcpn (Fig. 188), although the earliest known species, was already 
specialised in several respects. The small scales are atypical in shape, the 
eyes are unusually small, the skull has a very large posterior extension and 
its dorsal surface is fiat instead of rounded. 

The families that may be placed in this order are the Paheoniscidae (e.g., 
Palaoniscus (Fig. 187), Cheirolepis (Fig. 188), Birgeria (Fig 189). Platysomidai, 
deep-bodied fishes (e.g., Chetrodus, Platy&omub). Saurichthyiidse, long-bodied 
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fishes (e.g., Saurichthys, Belonorhynchvs). Catopterid* (e.g., CatopUrns). 
Perleidida (e.g., Helichthys (Fig. 190), Perltidus). 



A. 



B. 

Fig. 190. —HaUchthyi olegani. A, re&toiation; B, bead. lab. tabular; Ft. Clei . po&t- 
cleithruni; Man. lower jaw. Other letters as in Fig. 18S. (After Brough) 


Order Chondrostei. 

This order is represented at the present time by the Sturgeons—viz., 
Acipenser (Fig. 191), a genus of about twenty species living in the rivers of 
Europe, North America and Asia; Scaphtrhynchus, the " Shovel-nosed 



Fig. 191.—Adpeniex rntbenni (Stuigeon). b. baibcla; v. j. caudal fin; d. /. dorsal fin; 
pet. /. pectoral fin; pit. /. pelvic fin; sc. scutes; r>. /. ventral fin (After Cuvier.) 

sturgeon ” of North America and Central Asia; Polyodon, the “ Spoonbill 
sturgeon " of the Mississippi and Psephurus, a primitive sturgeon from China. 
The group as a whole shows a mixture of primitive and secondarily 
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degenerate characters. In the first category are such characters as the un- 
constricted notochord, the persistence of bast- and inter-dorsals and of basi- 
and inter-ventrals as separate elements in 


the vertebrae (Fig. 192), the retention of a 
clavicle in the shoulder-girdle, the primitive 
structure of the fins with their broad bases, 
the fulcral scales on the dorsal and caudal 
fin, the heterocercal tail, the spiracle and 
spiracular pseudobranch, the spiral valve 
and the arrangement of the urogenital organs. 
In the second category are certain characters 
which are more developed in the earlier 
than in the later forms, and which are 
therefore known to have become degenerate 
or lost, such as the reduction of the jaws 
owing to the suctorial method of feeding 
which has been acquired; the loss of ganoine 
on the scales and head bones; the reduction 
of the scales to a few rows on the sides of 
the body; the irregularity and loss of some 
of the head bones and secondary multiplica¬ 
tion of centres on ossification of others. 
There is also a general loss of ossification in 
the whole skeleton. 



Fig, 1 \ji -Fife-caudal vertebrae of 
Sturgeon, a c. aortic canal formed by 
the union of ingrowths from the basi- 
and mterveutrals of opposite sides; 
b. d. baudor&als; b t v. basiventrals; 
t. d. interdorsals; t v. intervening; 
v. notochord; u. c. neural canal; n. sp. 
neural spine. nt. s . sheath of notochord; 
P. parapnphyus; if, nb; s. n. foramen 
for root of spinal nerve. (From the 
Cambridge Natural History .) 


A Mesozoic species, Chondrosteus acipenseroiies (Fig. 193), the earb'est 


PtFr ITem STcm Tab. 
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Fig. 193.—Chondmteni seipensaroides. Ant Hr anterior branchicwtegal; Ant. Orb. antorbi- 
tal; C. Hy. ceiatohyal; Clav. clavicles; C lei. cleithrum; hr. irontal; I Tern, intertemporal: 
Ju jugal; Lac . lachrymal; Mx. maxilla; Op. opercular; () P. suboperrular; P. 0 . pootorbital; 
P. Tern, post-temporal; Pt. Fr. post-frontal; 5 . Clei. suprarleithrum, S. Op. subopercular; 
Si Tern, supratemporal; Tab, tabular. (After Watson) 
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known true sturgeon, is transitional in structure, and although degeneration 
has already set in, suggests a pakeonisdd origin through some such form as 
Coccocephalus (Fig. 194). There is still, however, a lack of evidence as to 
the early ancestry of the group. 



Fig. 194.—Coococephalna wildL Ant. Orb . antorbital; Clav. clavicle; Chi. cleithram, Fr. 
frontal; Ju. jugal; Mx. maxilla; Op. opercular; P. Op. pre-opercular; Pt. Fr. post-frontal; 
P. Hoi. I. II. pre-ro*itrals; P. Mx. pre-maxilla; Par panetal; P. Tern, post-temporal; I. lem 
inter-temporal; S. Op. sub-operrular; S. C In. supra-cleitiirum , A' Y. bones of urn ertain 
homology. (After 'Watson) 


Order Polypterini (Cladistia). 

At one time Polypterus (Pig. 195) and ( alamotchthys, the only known 
members of the order, were classed as crossopterygians. There are, however, 
difficulties in accepting this view, and although, from a complete lack of any 
fossil evidence, their position is still somewhat obscure, the balance of evidence 
favours an origin from some pal«eoniscid stock. 1 The scales, for instance, are 



Fig. 195.—Polyptenu bichir. A. entire am- 
mal, 75 , ventral view of throat, an anus; hr. in. 
brancluostegal membrane; c / caudal fin , d f 
dorsal finlets; jug. pi, jugular pldtcs; na. nostril, 
pet. f. pectoral fin; pv. f pelvic fin , / ventral 

fin. (After Cuvier.) 





ganoid in composition, the skull lacks the division into the orbito-ethmoidal 
and occipito-otic regions so characteristic of the crossopterygian skull (p. 285). 
The position of the nostrils on the dorso-lateral surface of the snout is typically 
actinopterygian as is the anatomy of the soft parts such as a pyloric caecum in the 
1 Goodrich, " Polypterus a palaoniacid 7 " l’alo’obiologica. 1928, Vol. I, p. 87. 
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gat and the teleostean-like character of the urogenital organs. The teeth are 
simple in structure, and are without the peculiar structure and method of replace¬ 
ment found in the Crossopterygii. The structure of the paired fin is peculiar, 
with its long posterior axis and preaxial radials (Fig. 247) and muscular lobe 
lying outside the body-wall. The resemblance to the fin of the Chondrichthyes 
is superficial; it is, however, quite unlike the archipterygial type of the 
Crossopterygii, and can perhaps best be interpreted as a modification of the 
actinoptorygian pattern. 

On the other hand, the more primitive, or rather less modified, structure 
of the scales; the fin structure just mentioned and various characters of the 
skull prevent any close association of these two fishes with other Actinopterygii 
and, foi the present, they are best considered as representing a persistent 
line of palaoniscid affinity. 

There are a few species of the genus Polypterus from the Congo and Upper 
Nile, and another, talamoichthys talabaricus, a smaller and more elongated, 



lit. kjO Lepidoateua platyitomua (Bony 1 ’ike). c / caudal fin, d f doisalfin, fl. fulcra, 

I l lalcial line, pit J pectoral fin; pi j iielvir fill, i / ventral fin. (AfterCuvier.) 

but otherwise very similar, form from Old Calabar. Ihe most noticeable 
points are the rhomboid scales, the presence of a pair of gular plates between 
the rami of the lower jaws, the lobed pectoral fins, the abbreviate heterocercal 
tail and the division of the dorsal fin into i senes of repeated hnlcts, each 
supported by an anterior spine. 

Sub-class Neopterygil. 

OltDER GlNGLYMODI. 

The Gmglymodi are a Holostcan group ranging from the Upper Permian, 
and comprising as families the Semionotidae, Pycnodontiche and Lepidosteidic. 
This last family originated in the Eocene, and is represented at the present 
day in the fresh waters of North and Central America by the sole living genus, 
Lcpidusicus, the Gar-pikes. 

The group, as exemplified by Lepuiosteus (Fig. 19b), shows a number of 
primitive features, such as a long valvular conus to the heart and a corres¬ 
ponding absence of a bulbus arteriosus, a tail still hemi-heterocercal, an air 
bladder with cellular walls, thick rhombic scales with a complete covering of 
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ganoine, fulcral scales have still been retained, and traces of a clavicle have 
been observed. On the other hand, the central jugal plate has been lost, and 
the spiracle is closed The presence of pyloric caeca and the structure of the 
generative organs are teleostean features. There are also some specialised 
characters that appear to be peculiar to the genus, such as the reduced maxilla 



£ig 107 Dapedlm polittu. (Aftu Smith Wuodward) 


and its functional replacement by a number of tooth-bearing infra-orbital 
elements, the numerous small cheek plates and, above all, the opistlioccelous 
vertebrae as opposed to the much more common amphicoelous vertebrae of 
most actinopterygian fishes. 

There are several living species of Lepidostcns, of which L. tristocchus is 
said to attain a length of ten feet. 



I ic ifjH —Lepidotui minor. ( \ftu Smith \\ uodward ) 


Of the extinct families undet this grouping, the Semionotidae are fusiform 
fishes and the Pycnodontidae very deep and flattened from side to side. The 
most noticeable character common to both families is the way in which the 
jaw suspension has swung forwards as compared with the ancestral palaeonisdd 
condition. The strong complete ganoid scales are present, but the clavicle is 
becoming reduced or is absent. The vertebral column is composed of hemi* 
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vertebrae and the notochord is unconstricted. Fulcra arc present on the fins 
of the Semionotidse, but not of the Pycnodontidie. 

Semionotus, Dapedius (Fig. 197), Lcpidotui (Fir;. 198) and Acentrophorus 
are characteristic and well-known 
genera of the Semionotidse and 
Mesoion (Fig. 199), zn&Pycnodus 
of the Pycnodontidae. 

Order Protospondyli. 

This order is represented at 
the present day by a sole living 
species, Amia calva (Fig. 200), 
the Bow-fin, from the fresh 
waters of the United States. 

Like the Gar-pikes, Amia shows 
a mixture of primitive and ad¬ 
vancing characters. Of the former 
the lung is dorsal, but bilobed 
and cellular, so that a certain 
amount of air-breathing is still 
possible. A vestigial spiral valve 
is present in the intestine, and a 
this is accompanied at the same time by a considerable bulbus arteriosus. 

There is one large jugal plate be¬ 
tween the pami of the lower jaws 
and well-developed branchio&tcgal 
rays like the teleosts. Unlike the 
latter, there are 110 pyloric caeca, 
and the lower jaws still retain 
the full number of elements. Of 
progressive characters the scales 
have become thin and cycloid, 
and have lost the ganoine layer, 
the fins have lost all fulcra, the 
tail is practically homocercal, the 
vertebrae solid and amphicoelous 
(except in the tail region where separate basidorf>als and ventrals still 
occur). 

Protospondyli are first found in the 'Iriassic, and, beside the Amiidae, the 
other families, all extinct, are the Eugnathidas, Pachycormidae, Aspidorhyn- 
chidse and Pholidophoridae; from this last family arose the Leptolepidae which 
may be considered as the ancestors of the teleosts. 


B 



1 'iGr 200 Amia calva (How tin) A, the entue 
animal; JJ, ventral view of thro.it. hr w hi auihin- 
sfogal membrane, c. /. caudal fin , d . /. dorsal 
lin, jug. pi. fugular plate; pet . f. pectoral fin; 
pv. f pelvic fin; v. f, ventral fin. (Vfter (.liuther ) 



Tiff. 199-— Mecodon macroptenu. 
(After Smith Woodwaid) 


small valvular conus in the heart, but 
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Example of a Feleost Fish—The Brook Trout (Salmo fario). 

The Brook Trout is common in the rivers and streams of Europe, and has 
been acclimatised in other parts of the world, notably in New Zealand. It 
varies greatly in size according to the abundance of food and the extent of 
the water in which it lives: it may attain sexual maturity, and therefore be 
looked upon as adult, at a length of 18-20 cm. (seven or eight inches), but in 
large lakes it may grow to nearly a metre in length. Other species of Salmo, 
such as the Salmon (S. solar), the Lake Trout (S. trutta), the American Brook 
Trout (Salvelinus fontalis), are common in the Northern Hemisphere and 
differ only in details from S. fario. 

External Characters. —The body (Fig. 201) is elongated, compressed, 
thickest in the middle, and tapering both to the head and tail. The mouth 
is terminal and very large; the upper jaw is supported by two freely movable 
bones, the premaxilla (Figs. 202,206, fmx.) in front and the maxilla (mx.) behind. 



Fig. 20i —Salmo fario. aJ. adipose lobe of pelvic fin , an anus; c /. caudal fin, d f I, 
first dorsal fin; d. /. a, second dorsal or adipose fin; / / lateial line, op, operculum, pit J. 
pectoral fin, pi.f. pelvic fin; v. f ventral fin. (After Jardine ) 

both bearing sharp curved teeth arranged in a single row. When the mouth 
is opened a row of palatiw teeth is seen internal and parallel to those of the 
maxilla, and in the middle line of the roof of the mouth is a double row of 
vomerine teeth. The lower jaw [md.) is mainly supported by a bone called 
the deniary and bears a row of teeth: on the throat each ramus of the 
mandible is bounded mesially by a deep groove. The floor of the mouth is 
produced into a prominent tongue (<.) bearing a double row of teeth. In old 
males the apex of the lower jaw becomes curved upwards like a hook. 

The large eyes have no eyelids, but the flat cornea is covered by a trans¬ 
parent layer of skin. A short distance in front of the eye is the double nostril 
(1 nai , nos), each olfactory sac having two external apertures, the anterior one 
(nai) provided with a flap-like valve. There is no external indication of 
the ear. 

On each side of the posterior icgion of the head is the operculum (Fig. 
202, op.) or gill-cover, a large flap which, when raised, displays the gills; 
between it and the flank is the large crescentic gill-opening, from which the 
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respiratory current makes its exit. The operculum is not a mere fold of skin, 
as in Holocephali, but is supported by three thin bones the outlines of which 
can be made out through the skin; they are the opercular (Fig. 206, op.), sub- 
opercular (s. op.), and inter-opercular (», op .); the last is attached to the angle 
of the mandible. The pre-opercular (p. op.) is not an opercular support but 
is one of the cheek bones following the outline of the hyomandibular. The 
ventral portion of the operculum is produced into a thin membranous 
extension, the branchiostegal membrane ( br. m), supported by twelve flat, over¬ 
lapping bones, the branchiostegal rays. The narrow area on the ventral surface 
of the throat which separates the two gill-openings from one another is called 
the isthmus. The gills, seen by lift¬ 
ing up the operculum, are four red 
comb-like organs, each having a 
double row of free gill-filamenti; 
alternating with the gills are the five 
vertically elongated gill-slits, opening 
into the mouth. 

The Trout breathes by the draw¬ 
ing in of water through the mouth 
and its passage outwards through 
the gill-slits. The inspiration or 
inward movement of the water is 
effected by the opcrcula being moved 
outwards, the space internal to them 
thus being widened, and water flow¬ 
ing in through the open mouth to 
fill the vacuum, the branchiostegal membrane at the same time closing 
the gill-opening and thus preventing th< water from flowing in from 
behind. Expiration is brought about by the opcnula moving inwards and 
forcing the water out. Owing to the action of a pair of transversely directed 
membranous lokls, the respiratory valves, one attached to the roof, the other 
to the floor of the mouth, which are so directed as to become expanded and 
block the passage when water presses on them from behind, the water is 
compelled to make its exit through the gill-slits. 

On the ventral surface of the body, at about two-thirds of the distance 
from the snout to the end of the tail, is the anus (Fig. 201, an .); behind it is 
the urinogenital aperture, oi almost equal size and leading into the urinogenital 
sinus, into which both urinary and genital products are discharged. 

The region from the snout to the posterior edge of the operculum is counted 
as the lteai ; the trunk extends from the operculum to the anus; the post- 
anal region is the tail. 

There are two dorsal fins : the anterior dorsal (Fig. 201, d. /. 1) is large 



Fig. 202.—Head of female Salmo fario. hr. 
tii. branchiostegal membrane, i. of. inter- 
opercular; mud. mandible; mi maxilla.; na.i, 
anterior, and tia. a, posterior external nostril; 
op. opercular; pet. f. pectoral fin; pmx. pre- 
maxilla; p. op. preopercular; s. op. suboper- 
cular; t tongue. 
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and triangular, and is supported by thirteen bony fin-rays; the posterior 
dorsal (d. f. a) is small and thick, and is devoid of bony supports: it is 
distinguished as an adipose fin. The caudal fin (c. f.) is the chief organ of 
locomotion; it differs markedly from that of most Chondrichthyes in being, 
as far as its external appearance is concerned, quite symmetrical, being 
supported by fin-rays which radiate regularly from the rounded end of the 
tail proper; such outwardly symmetrical tail-fins are called homocercal. 
There is a single large ventral fin (v. /.) supported by eleven rays. The 
pectoral fin {pet. f.) has fourteen rays and is situated, in the normal position, 
close behind the gill-opening, but the pelvic fin (pv. f.) has shifted its position 
and lies some distance in front of the vent: it is supported by ten rays, and 
lias a small process or adtpose lobe (a. 1 .) springing from 
its outer edge near the base. 

The body is covered by a solt, slimy skin through 
which, in the trunk and tail, the outlines of the scales can 
be seen; on the head and fins the skin is smooth and 
devoid of scales. A well-marked lateral line ( l . /.) extends 
along each side from head to tail, and is continued into 
branching lines on the head. The skin is grey above, 
shading into yellowish below, and is covered with minute 
black pigment-spots which, on the sides and back, are 
aggregated to form round spots two or three millimetres 
in diameter. In young specimens orange-coloured spots 
are also present. 

Skin and Exoskeleton. —The epidermis contains unicellu¬ 
lar glands, from which the mucus covering the body is secreted, and pigment- 
cells, to which the colours of the animal are due. The scales (Fig. 203) are lodged 
in pouches of the dermis and liave the form of flat, nearly circular plates of bone 
but marked with concentric lines which represent the annual growth stages, 
having no Haversian canals, lacunae, or canaliculi. They have an imbricating 
arrangement, overlapping one another from before backwards, like the tiles 
of a house, in such a way that a small three-sided portion (b) of each scale 
comes to lie immediately beneath the epidermis, while the rest («) is hidden 
beneath the scales immediately anterior to it. Besides the scales, the fin-rays 
belong to the exoskeleton, but will be most conveniently considered in 
connection with the endoskeleton. 

Endoskeleton. —The vertebral column shows a great advance on that of the 
two previous classes in being thoroughly dificrentiatcd into distinct bony 
vertebra. It is divisible into an anterior or trunk region and a posterior or 
caudal region, cadi containing about twenty-eight vertebra;. 

A typical trunk vertebra consists of a dice-box-shaped centrum (Fig. 204, 
CN) with deeply concave anterior and posterior faces, and perforated in the 



tiG. 203.—Scale 
of Salmo fario. a. 
anterior portion 
covered by overlap of 
preceding scales, b . 
Jiee portion rovered 
only by pigmented 
epidermis 
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centre by a small hole. 'Ihe edges of the centra arc united by ligament and 
the biconvex spaces between them are filled by the remains of the notochord; 
there are also articulations between the arches by means of little bony pro¬ 
cesses, the sygapophyscs (N, ZYG., H. ZYG.). To the dorsal surface of the 
centrum is attached, by ligaments in the anterior vertebrae, by ankylosis or 
actual bony union in the posterior, a low neural arch (H. A.), which consists 
in the anterior vertebra of distinct right and left moieties, and is continued 
above into a long, slender, double neural spine (N. SP.), directed upwards and 
backwards. To the ventro-lateral region of 
the vertebra are attached by ligament a pair 
of long, slender pleural ribs (R.) with dilated 
heads, which curve downwards and backwards 
between the muscles and the peritoneum, thus 
encircling the abdominal cavity. In the first 
two vertebra they arc attached directly to 
the centrum, in the rest to short downwardly 
directed bones, the par apophyses (PA. PH.), 
immovably articulated by broad surfaces to 
the centrum. At the junction of the neural 
arch with the centrum are attached, also by 
fibrous union, a pair of delicate inler-muzcular 
bones (I. M. B.), which extend outwards and 
backwards 111 the fibrous septa between the 
myomeres. The first and second abdominal 
vertebra bear no ribs. In the last three the 
neural spines (B, N. SP.) are single. 

In the caudal vertebra the outgrowths 
corresponding to the parai>ophyses are fused 
with the centrum and unite in the middle 
ventral line, forming a heeinal arch ((, H. A.), 
through which the caudal artery and vein 
run. In the first six caudals each haemal 
arch bears a pair of ribs (R.); in the rest the arch is produced downwards 
and backwards into a heemal spine [D, H. SP.). 

The centra as well as the arches ot the vertebra are formed entirely from 
the skoletogenous layer, and not from the sheath of the notochord as in 
Elasmobranchs (sec pp. 70 and 179). 

The posterior end of the caudal region is cuiiously modified for the support 
of the tail-fin. The hindmost centra (Fig. 205, CN.) have their axes not 
horizontal, but deflected upwards, and following the last undoubted centrum 
is a rod-like structure, the urostyle (UST.), consisting of the partly ossified end 
ot the notochord, which has thus precisely the same upward flexure as in the 



Fig. 204 — Bolmo lario. A, om 
of llie anterior, and one of the 
posterior trunk vertebra, c , one of 
the anterior, and 1 ), one of the pos¬ 
terior caudal vertebras. CN. cen¬ 
trum ; IMB. intcnnusLuUr bone, 
HA. hamal arch. H. BP. hsemal 
spine, H. ZYG. hamul zygapo- 
phybis, N. A. neural aich, H. BP. 
neural spine; N. ZYG. neural 
7 \g ipophysis; PA. PH. parapo- 
pliysis, B. pleural rib. 
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Dogfish. The neural and haemal spines (N. SP., H. SP.) of the last five 
vertebrae are very broad and closely connected with one another, and axe 
more numerous than the centra; and three or four haemal arches are attached 
to the urostyle. In this way a firm vertical plate of bone is formed, to the 
edge of which the caudal fin-rays (D.F.R.) are attached fanwise in a sym¬ 
metrical manner. It will be obvious, however, that this homocercal tail-fin 
is really quite as unsymmetrical as the heterocercal fin of the Dogfish, since, 
its morphological axis being constituted by the notochord, nearly the whole 
of its rays are, in strictness, ventral. 

The skttU (Fig. 206) is an extremely complex structure, composed of 
mingled bone and cartilage. The cartilage has no superficial mosaic of lime- 
salts such as we find in many Chondrichthyes, but certain portions of it are 

replaced by bones, and there are in 
addition numerous investing bones de¬ 
veloped in the surrounding connective- 
tissue. As in the Dogfish, the skull 
may be divided into cranium, upper 
and lower jaws, with their suspensory 
apparatus, and hyoid and branchial 
arches. 

The cranium (Fig. 207) is a some¬ 
what wedge-shaped structure, its apex 
being directed forwards. At first sight 
the distinction between replacing and 
investing bones is not obvious, but 
after maceration or boiling certain flat 
bones (the paired parietals, PA., frontals, FR., and nasals, NA., and the 
unpaired supra-ethmoid, 5 . ETH.) can be easily removed from the dorsal 
surface; and two unpaired bones (the parasplienoid, PA , SPH., and vomer, 
VO.) from the ventral surface. These are all investing bones: they arc 
simply attached to the cranium by fibrous tissue, and can readily be prised 
off when the latter is sufficiently softened by maceration or boiling. We thus 
get a distinction between the cranium as a whole, or secondary cranium, 
complicated by the presence of investing bones, and the primary cranium, 
neurocranium or chondrocranium, left by the removal of these bones and 
corresponding exactly with the cranium of a Dogfish. 

The primary cranium contains the same regions as that of Seyliorhinus. 
Posteriorly is the occipital region, surrounding the foramen magnum, presenting 
below that aperture a single concave occipital condyle for the first vertebra, 
and produced above into an occipital crest. The auditory capsules project 
outwards from the occipital region, and between them on the dorsal surface 
of the skull are paired oval fontaneUes (Jon.) closed in the entire skull by the 



Fig. 205.— Bilmo brio, caudal end of 
vertebral column. OH. centrum; D. K R . 
dermal fin-rays: H. SP. hrmal spine; H. 
ZTG. lipmal zygapophysis; V. BP. neural 
spine; M. ZYG. neural zygapophyait.; U8T. 
urostyle. 



PHYLUM CHORDATA *41 

5 lwm|d-boriits,: > 'the posterior region of the cranial floor is produced downwards 
iiito paired longitudinal ridges, enclosing, between them a groove which is 
converted into a canal by the apposition of the parasphenoid bone and serves 
fcfr the origin of the eye-musdes. In front of the auditory region the cranium 
; is excavated on each ride by a large orbit, a Vertical plate or inter-orbited 
ieptum iOSL, SPH.) separating the two cavities from one another. In front of 
the orbital region the craniwp broadens out to form the olfactory capsules, 



Fig. 206. —Salmi), the entire skull, from the left side. art. articular ; branchiost . branchiostegal 
rays; dent. dentary; epiot. epiotic; eth . supraethmoid ; Jr. frontal; hyom. hyomandibular; intop. 
in teroperculax; Jug. supra-maxillary; nipt, mesopterygoid; mtpt. metapterygoid; mx. maxilla; 
nas. nasal; o . circumorbitals; op. opercular; pal . palatine; par. parietal; pmx. preniaxilla; 
praop. preopercular; pt. pterygoid; pter. pterotic; Quad, quadrate; socc. supraoccipital; sphot. 
sphenotic; subop. subopercular; sympl. symplectic; Zunge, basihyal. (From wiedershehn's 
Vertebrata.) 

each excavated by a deep pit (olf. s.) for the olfactory sac, and anterior to 
these is a blunt shout or rostrum. The occipital region is formed as usual 
from the parachordals of the embryonic skull, the auditory region from the 
auditory capsules, and the rest of the cranium from the trabeculae. 

The replacing bones, formed.as ossifications in the chondrocraninm, corre¬ 
spond in essentials with the typical arrangement already described (pp. 70-76). 
Iii the occipital region are four bohes; the basi-occipital (B. CM 3 .), forming 
the greater part of the occipital condyle and the hinder region of the basis 
eranii or skull-floor; the ex-occipitals (EX OC.), placed one on each side of 
vot. II R 
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the foramen magnum and meeting both above and below it; and the supra- 
occipital ( 5 . OC.), forming the occipital crest already noticed. Each auditory 
capsule is ossified by five bones—two more than the typical number 
(p. 75): the pro-otic (PH. OT.), in the anterior region of the capsule, uniting with 
its fellow of the opposite side in the floor of the brain-case, just in front of 
the basi-ocdpital; the opisfhotic, in the posterior part of the capsule, external 
to the ex-occipital; the sphenotic (SPH. 6l.), above the pro-otic and forming 
part of the boundary of the orbit; the ptcrotic (PT. OT.), above the ex-occipital 
and opisthotic, forming a distinct lateral ridge and produced behind into a 
prominent ptcrotic process ; and the epiotic (EP. OT.), a small bone, wedged 
in between the supra- and ex-occipitals and pterotic, and produced into a 
short epiotic process. On the external face of the auditory capsule, at the 
junction of the pro-, sphen-, and pter-otics, is an elongated facet (h.m.) 
covered with cartilage and serving for the articulation of the hyomandibular. 

The trabecular region of the cranium contains six bones. Immediately in 
front of the conjoined pro-otics, and forming the anterior end of the basis 
cranii, is a small unpaired Y-shaped bone, the basisphenotd (B. SPH.). Above 
it, and forming the anterior parts of the side-walls of the brain-case, are the 
large paired alisphenoids (AL. SPH.). In the inter-orbital septum is a median 
vertical bone, representing fused orbitosphenoids (OR. SPH.). Lastly, in the 
posterior region of each olfactory capsule, and forming part of the boundary 
of the orbit, is the ecto-ethmoid (EC. ETH.). 

The investing bones already referred to axe closely applied to the roof and 
floor of the chondrocranium, and modify its form considerably by projecting 
beyond the cartilaginous part, and concealing apertures and cavities. The 
great frontals ( FR .) cover the greater part of the roof of the skull, concealing 
the fontanelles, and furnishing roofs to the orbits. Immediately behind the 
frontals is a pair of very small panetals (PA.) ; in front of them is an unpaired 
supra-ethmoid (S. ETH.), to the sides of which are attached a pair of small 
nasals (NA.). On the ventral surface is the large parasphenmd (PA. SPH.), 
which forms a kind of clamp to the whole cartilaginous skull-floor; and in 
front of and below the parasphenoid is the toothed vomer (VO.). Encircling 
the orbit is a ring of scale-like bones, the circum-orbitah (Fig. 206, 0.). 

In the jaws, as in the cranium, we may distinguish between primary and 
secondary structures. The primary upper jaw or palatoqmdrate is homologous 
with the upper jaw of the Doghsh, but instead of remaining cartilaginous, it 
is ossified by five replacing bones: the toothed palatine (PAL.) in front, 
articulating with the olfactory capsule; then the pterygoid (PTG.) on the 
ventral, and the mesopterygoid (MS. PTG.) on the dorsal edge of the original 
cartilaginous bar; the quadrate (QU.) at the posterior end of the latter, 
furnishing a convex condyle for the articulation of the lower jaw; and pro¬ 
jecting upwards from the quadrate the metapterygoid (MT. PTG.). These bones 
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do not, however, enter into the gape, and do not therefore constitute the 
actual upper jaw of the adult fish : external to them are two large investing 
bones, the premaxiUa (PMX.) and the maxilla {MX.), which together form 
the actual or secondary upper jaw: they both bear teeth. A small scale-like 
bone, the jugal {JU.) t is attached to the posterior end of the maxilla. 

The lower jaw is similarly modified. Articulating with the quadrate is a 
large bone, the articular (AST.), continued forwards by a narrow pointed rod 
of cartilage: the latter is the unossified distal cud of the primary lower jaw 
or Meckel's cartilage; the articular is its ossified proximal end, and therefore 
a replacing bone. Rnsheathing Meckel’s cartilage and forming the main part 
of the secondary lower jaw is a large toothed investing bone, the deniary 
(DNT .), and a small investing bone, the angular {ANG.), is attached to the 
lower and hinder end of the articular. 

The connection of the upper jaw with the cranium is effected partly by 
the articulation of the palatine with the olfactory region, partly by means of 
a suspensorium formed of two bones separated by a cartilaginous interval: 
the larger, usually called the hyomandibular (HY. M.), articulates with the 
auditory capsule by the facet already noticed, and the small, pointed symplectic 
(SYM.) fits into a groove in the quadrate. Both bones are attached by fibrous 
tissue to the quadrate and metaptcrygoid, and in this way the suspensorium 
and palatoquadrate together form an inverted arch, freely articulated in front 
with the olfactory and behind with the auditory capsule, and thus giving rise 
to an extremely mobile upper jaw. As its name implies, the hyomandibulax 
(together with the symplectic) is commonly held to be the upper end of the 
hyoid arch and the homologuc of the hyomandibular of the Chondrichthyes, 
but there is some reason for thinking that it really belongs to the mandibular 
arch, and corresponds with the dorsal and posterior part of the triangular 
palatoquadratc of Holoccphali: a perforation in the latter would convert it 
into an inverted aich having the same general relations as the upper jaw plus 
suspensorium ol the Trout, but fused, instead of articulated, with the cranium 
at either extremity. 

The hyoid cornu is articulated to the cartilaginous interval between the 
hyomandibular and symplectic through the intermediation of a small rod-like 
bone, the inierhyal (L HY.), which is an ossification in a ligament. It is 
ossified by three bones: an epihyal (E. HY.) above, then a large ceratohyal 
(C. HY.), and below a small double hypuhyal (H. HY.). The right and left 
hyoid bars aie connected by a keystone-piece, the unpaired, toothed basihyal 
(B. HY.), which supports the tongue 1 . 

Connected with the hyomandibular and hyoid cornu arc certain investing 
bones serving for the support of the operculum. The opercular (Fig. 206, op.) 
is articulated with a backward process of the hyomandibular; the sub-opercular 
{subop.) is below and internal to the opercular; and the inter-opercular {intop.) 
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fits between the lower portions of the three preceding bones, and is attached 
by ligament to the angle of the mandible. The twelve sabre-shaped branchio- 
stegal rays ( branchiost.) are attached along the posterior border of the ejji- and 
cerato-hyal, and below the basi-hyal is an unpaired bone, the basibranchiostegal 
or urohyal. 

There are five branchial arches, diminishing in size from before backwards 



FlG. 207.—Salmo fario. Disarticulated skull with many of the investing bones removed 
The cartilaginous parts are dotted, fov fontanelle, h m articular facet for li>omandiLmlar, 
Mch. C Meckel's cartilage, olf % hollow for olfdilniv sat Kt placing bones— AL. BFH. ali- 

K cq oid. ART* articular; B. BR. J, first basibranchial, B. HY. basihyal, B, OC. basioctlpital, 
, 5 V fifth branchial arch, B. SPH. basisphenoid, C. BR. 1, first ceratobranchial, 0 . HY. 
ceratohyal, BO. ETH. ecto ethmoid, B. BR. i f fust epiluamJiuI, E. HY. epi hyal; BP. OT. 
epiolic, EX. 00 . ex-occipital, H. BR. r v first h\pobranclna1, H. HY. bjpohval, HY. M. hyo 
mandibular, L HY. mLerhyal, MS. PTO. mesoptcrygoid, MT. PTG. metapter> goid, OR. SPH. 
orbitosphenoid, PAL. palatine, P, BR. r f first phaiyngubianchial, PTO. ptei>goid, PT. OT. 
petrotic; QU. quadrate, 8. 00 . supraoccipifcil ; SPH. OT. sphenotic; BY 1 L symplettic Investing 
bones -JfMi angular, I)N1 dtntaiy, 1R fiontal, JU. jugal, MX. maxilla, NA nasal, 
PA. SPH, parasphenoid; PMX prcmaxilla, TO. vomer, 

(Fig. 207). 'Ihe first three present the same segments as in the Dogfish: 
pharyngobranchtal (PH. BR.) above, then rpibranclnal (E. BR.), then a large 
ceratobranchial (C. BR.), and a small hyPobranchial (H. BR.) below. The right 
and left hypobranchials of eaili arch are connected by an unpaired bastbranchial 
(B. BR.). All these segments are ossified by replacing bones, and the basi- 
branchials are connected with one another and with the basihyal by cartilage, 
so as to form a median ventral bar in the floor of the pharynx. In the fourth 
arch the pharyngobranchial is unossified, and the hypobranchial absent, and 
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the fifth arch (BA. 5) is reduced to a single bone on each side. Small spine¬ 
like ossifications are attached in «l single or double row along the inner aspect 
of each of the first four arches: these are the gill-rakers ; they serve as a sieve 
to prevent the escape of food by the gill-slits. 

The comparison of this singularly complex skull with the comparatively 
simple one of the Dogfish is much facilitated by the examination ot the skull 
of a young Trout or Salmon. In the latter, at about the second week after 
hatching, the only ossifications present are a lew investing bones; when these 
aie removed we get a puicly caitilaginous skull (Fig 208), exactly comparable 
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Pig 208--Skull of young Salmon, second week 
after hutching, the investing hones removed. Au 
auditory capsule fit T, first branchial arch C h 
notochord. C Hy hyoid cornu, 7 o fontanclle, 
G. Hy bd'ihyal, H lly hypoh\al H. M h\o 
mandibulu 2 Hy mterhyal, l l l l labial carti¬ 
lages Mth Meckel s cartilage M Pt nictaptf \goid 
region of pumary uppei jaw, Pa uh paiuhordal 
PI Ft palatopterygnirl region, ()u quadrate region, 
5 Ot supraorbital region rd cranium S-j sj mplectu 
region of susptnsoiniiu J (r cranial rnol Jr. 
trabecula; 77 optic foramen, 1 tngeminal fora¬ 

men (From Parker and Ik ttanv *s Motphologv of the 
Skvll) 
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Fig 200 —S&lmo 

fano. A dermal fin ray 
w ith its support' 

PI 7 ? dermal fin-iay. 
PTG. l f proximal pterj 
giophore hnterspinous 
bone) t PTG. 2 middle 
pten giophore, ftf! j, 
distal pterygiophore 
(cartdlagmous) 


with that of a Shark or Kay Ihere is a cranium devoid of replacing bones 
and divisible only into legions, the upper jaw is an unossified palatoquadratc 
(PI. Pi., M. Pt., Qu ) and the lower jaw (Mch ) a laige Meckel’s cartilage; the 
suspensarium is an undivided hyoinandibular (HM), and the liyoid and 
branchial arches are unsegmented. 

The first dorsal and the ventral fins arc supported each by a triple set of 
pterygiophores, so that the fin-skeleton is multiserial, as in tlie Dogfish. The 
proximal series consists of slender bony rays—the tntersfiinous bones 
(Fig. 209, PTG. r), lying in the median plane, between the muscles of 
the right and left sides, and more numerous than the myomeres of the regions 
in which they occur. Their distal ends are broadened, and with them are 
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connected the second scries (PTG. 2) in the form of small dice-box-shaped 
bones; to these, finally, are attached small nodules of cartilage {pig. 3) 
forming the third series of radials. lhe dermal fin-rays or leptdotnchia 
(D.F.R ), which lie in the substance of the fin itself, are slender bones, jointed 
like the antenna of an Arthropod, and mostly branched in the sagittal plane 
(Fig. 209, D.F.R.). Each is formed of distinct right and left pieces (Fig. 209), 
in close contact for the most part, but diverging below to form a forked and 
dilated end, which fits over one of the cartilaginous nodules [ptg. 3). In the 
caudal fin (Fig. 205) the dermal rays ( DP.R ) are similarly seated on the 
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Tic 210 — Salmo iano. Left half of shoulder girdle 
and pectoral Ho, from the inner surface CI = cleith- 
rum, COB. coracoid; DIR dei mal fin rays , MB. 
COB. mesocoracoid; P ( L PCL l , post-clavicles, 
FTO. x, proximal, and ptq 2 distal ptcrygiophores 
P T M post-temporal, SCI supraclavicle, 8CP. 
scapula 



110 211 —Salmo 

fano. bkclelon of left 

£ ?lvic/in dorsal aspect 
. PTG. basiptuvi 
gium, JJ b R dermal 
fm rays, PTG. distal 
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broad hsemal arches ot the posterior caudal vertebrae. 1 he second dorsal or 
adipose fin has, as already noticed, no bony support. 

The shoulder-girdle (Fig 210), like the skull, consists of a primary shoulder- 
girdle, homologous with that of a Dogfish, and of several investing bones, 
lhe primary shoulder-girdle in the young fish is formed oi distinct right and 
left bars of cartilage, which do not unite with one another ventrally In the 
adult each bar is ossified by three bones, a scapula (SCP.), situated dorsally 
to the glenoid facets, and developed partly as a replacing, partly as an 
investing bone; a coracoid (COR.), situated ventially to the glenoid facet, 
and a meso-coracotd (MS. COR.), situated above the coracoid and anterior to 
the scapula. Externally to these is found a very large investing bone, the 
deithmm (CL.), extending downwards under the throat; its dorsal end is 
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connected by means of a sup ra-da vide ( 5 . CL.) to a forked bone, the post- 
temporal ( P.T.M. ), one branch of which articulates with the epiotic, the 
other with the pterotic process. To the inner surface of the cleithrum are 
attached two flat .scales of bone (P. CL'.), with a lender rod-like post-clavicle 
(,P. CL.) passing backwards and downwards among the muscles. 

The structure of the pectoral fin is very simple. Articulated to the 
posterior border of the scapula and coracoid are four dice-box-shaped bones, 
the proximal pterygiophores or radials (PTG. i), followed by a row of small 
nodules of cartilage (fitg. 2) representing distal pterygiophores. The main 
body of the fin is supported by dermal fin-rays, which resemble those of the 
median fins, and have their forked ends seated upon the distal pterygiophores: 
the first ray, however, is larger than the rest, and articulates directly with 
the scapula. 

There is no pelvic girdle, its place being taken by a large, flat triangular 
bone, the basipterygium (Fig. 211, B. PTG.), probably representing fused 
proximal pterygiophores: to its posterior border are attached three partly 
ossified nodules, the distal pterygiophores (PTG.), and with these the dermal 
fin -rays are articulated. The adipose lobe of the pelvic fin is supported by 
a small scale-like bone. 

The muscles of the trunk and tail are arranged, as in the Dogfish, in 
zigzag myomeres : there are small muscles for the fins, and the head has a 
complex musculature for the movement of the jaws, hyoid, operculum, and 
branchial arches. 

The caalome is divisible into a large abdomen (Fig. 212) containing the 
chief viscera, and a small pericardial cuvity, situated below the branchial 
arches, and containing the heart. 

Digestive Organs. —The innuth (Figs. 206 and 212) is very large and has 
numerous small , recurved, conical teeth, borne, as already mentioned, on the 
premaxillae, maxillae, palatines, vomer, dentaries and basihyal. They ob¬ 
viously serve merely to prevent the escaiK* ot the slipjiery animals used as 
food and are of no use for either rending or chewing. Ihe pharynx [fih .) is 
perforated on each side by four vertically elongated gill-slits, fringed by the 
bony tooth-like gill-rakers. Each gill-slit is V-shaped, the ejnhyal being bent 
upon the ccratohyal so that the dorsal and ventral moieties of the branchial 
arches touch one another when the mouth is closed. 

The pharynx leads by a short gullet ( gul.) into a U shaped stomach (si.) 
consisting of a wide cardiac and a narrow pyloric division: between the 
latter and the intestine is a ring-shaped pyloric valve. The Mitarfww passes 
at first forwards as the duodenum (</«.), then becomes bent upon itself (»««■) 
and passes backwards, without convolution, to the anus [an.). Its posterior 
portion has the mucous membrane raised into prominent annular ridges 
which simulate a spiral valve. 
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The liver (Ir.) is imperfectly divided into right and left lobes, and there 
is a large gall-bladder (g. bl.). Opening into the duodenum are about forty 
blind glandular tubes, the pyloric caca (•py . r.). There is a large spleen ( spl .) 
attached by peritoneum to the fundus of the stomach. The stomach, 
duodenum, and pyloric cajca are surrounded by loose folds of peritoneum 
loaded with fat. 

Lying below the kidneys and extending the whole length of the abdominal 
cavity is the slr-blsdd8r (a.bl.), a thin-walled sac serving as an organ of 
flotation. Anteriorly its ventral wall presents a small aperture leading, by 
a short Pneumatic duct (pn. d.), into the oesophagus on the dorsal side 
somewhat to the right of the middle line. 

Respiratory Organs. —There are four pairs of gtlfs each with a double row 
of branchial filaments, united proximally but having their distal ends free : 
interbranchial septa are practically obsolete (see Fig. 68). The gills are 
borne on the first four branchial arches, the fifth arch bearing no gill. On 
the inner surface of the ojjerculum is a comb-like body, the pseudo-bronchia, 
formed of a single row of branchial filaments, and representing the vestigial 
gill (hcmibranch) of the hyoid arch. 

Circulatory Organs.--The heart (Fig. 212) consists of sinus veno.sus, atrium 
(1 au .), and ventricle (v.). There is no conus arteriosus, but the proximal 
end of the ventral aorta is dilated to form a bulbus arteriosus (b. a.), a structure 
which differs from a conus in being part of the aorta, and not of the heart; its 
walls do not contain striped muscle, and are not rhythmically contractile. 

In accordance with the atrophy of the hyoid gill there is no afferent 
branchial artery to that arch, but a hyoidean artery springs from the ventral 
end of the first eflorent branchial and passes to the pseudobranch. The 
right branch of the caudal vein is continued directly into the corresponding 
cardinal, the left breaks up in the kidney, forming a renal-portal system. 
There are no lateral veins, but the blood from the paired fins is returned 
to the cardinals. The red blood-corpuscles are, as in other fishes, oval 
nucleated discs. 

Nervous System.— -'Jhe brain (Fig. 213) is very different from that of 
Chondrichthyes, and is in many respects of a distinctly more specialised type. 
The cerebellum (H.H.) is very large, and bent u]x>n itself. The optic lobes 
( M.H.) are also of great size, and on the ventral surface are large bean-shaped 
lobi inferiores ( V.L. ). The diencephalon is much reduced, and, indeed, is 
indicated dorsally only as the place of origin of the pineal body (G. p.) : 
ventrally it is produced into the lobi inferiores with the infundibulum between 
them giving attachment to the pituitary body (Hyp.). Hence, seen from 
above, the small un divided prosencephalon (V.H .) comes immediately in front 
of the mid-brain: it has a non-nervous roof (Pall.) and its floor is raised into 
prominent corpora striata (BG., Bas. G.). The olfactory bulbs, situated in 
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dose apposition with the prosencephalon without intervening olfactory 
peduncles or olfactory tracts such as are present in Scyliorhinus ( L.ol .), are 
nearly as large as the corpora striata, and each contains a small cavity or 
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We* 213— Solmo iano. l)oisd ( 4 ) ventral (//) and lateral (6) \11ws of brain BG , Ba% 
h corpora striata, eh crossing of optic nerves; U p, pineal body, UH cerebellum, Hyp, 
pituitary body; hif infundibulum. Lot olfactory bulbs, Med, spinal cord; MH optic lobes, 
NIL medulla oblongata, Pall . non-nervous roof of prosencephalon, Si saccus vasculoeus, 
/>. Opt. optic tracts XJL lobi mfenores; TTf, prosencephalon, / A, cerebral nerves, XII, z, 
first spinal (hypoglossil) nenc 2 , second spinal nerve (From \S lcdersbcun s Virlebrata) 

rhinoccele in communication with the undivided prosocode. Three transverse 
bands of fibres connect the right and left halves of the fore-brain, an anterior 
commissure joining the corpora striata, a posterior commissure situated just 
behind the origin of the pineal body, and an infei tor commissure in front of the 
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infundibulum. 1 he pineal body (G.p) is rounded and placed at the end of a 
hollow stalk 1 a shorter offshoot of the roof of the dicnccphalon may perhaps 
represent a rudimentary pineal eye Behind the pituitary body is a saccus 
vasculosus ( s . v.). The anterior part of the cerebellum does not bulge outwards 
in the way it does in the Dogfish; instead it pushes forwards under the roof 
of the mesencephalon to form the valvula certbelli (Fig. 2T4), which is veiy 
characteristic of teleost fishes The hinder part of the cerebellum bulges 
outwards in the usual manner Ihe optic nerves do not form a chi asm a, but 
simply cross one another, or decussate (Ch.), on leaving the brain, the right 
nerve going to the left, and the left nerve to the right eye. 



Fig. 274—Median Jungitudinal bcihon of Ihe biain of a trout Aq aquedurlus sylvu; Bo 
olfactoxy lob<*; (H iticbcllum, (x taual of spinal lord tea an tenor commissure, (ho. 
optic nerve; h inferior commissure ; Gift pineal bod^ Ih 1 I\' In poph\ sis, /.infundibulum, 
Nol. olfactoiy nerve, Pa run! of Ulunccphalim /» / uluni transversum; s v solcus vasculosus 
I co. pi* mater tr. i roving fibres of fnuitli mive, 1 -valvula lerebtlh V cm. ventricle of 
telencephalon, F. q fouiUi ventnrlo, Vf thud vcntu 1< (J 10m Goodtirli, after Kabl-Ruik* 
hard.) 

Sensory Organs. -Ihe most distinctive featuie of the olfactory sac is the 
possession of two small apertures, the anterior provided with a valve. 

The eye (Fig. 215) has a veiy flat cornea (in ) with which the globular lens 
(/.) is almost in contact, so that the aqueous clumber of the eye is extremely 
small. Between the cartilaginous sclerotic (scl ) and the vascular choroid (eh) 
is a silvery layer 01 argentea (arg.), which owes its colour to minute crystals 
in the cells of winch it is composed. There are no choroid piocesscs. In the 
posterior part of the eye, between the choroid and the argentea, is a thickened 
ring-shaped structure (ch. gld.) surrounding the optic nerve, and called the 
choroid gland : it is not glandular, but is a complex network of blood-vessels, 
or rede mirabtle. It is supplied with blood by the efferent artery of the 
pseudobranch. Close to the entrance of the optic nerve a vascular fold of 
the choroid, the fulcifom process (pr. fl.), pierces the retina, and is continued 
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to the back of the lens, where it ends in a knob, the campanula Halteri (cp. 
hal.), which contains smooth muscular fibres. The falciform process with the 
campanula Halleri takes an important part in the process of accommodation 
by which the eye becomes adapted to forming and receiving images of objects 
at various distances. Accommodation in the Bony Fish is effected, not by 
an alteration in the curvature of the lens as in higher vertebrates, but by 
changes in its position, by which it becomes more approximated towards, or 
further withdrawn from, the retina. In bringing about these changes of 
position the structures in question appear to play the principal part. 

The auditory organ (Fig. 216) is chiefly remarkable for the large size of the 
otoliths [ot . j). They are three in number; one, called the sagttta (ot. 1), is 
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Fig 215 - -ialrno brio. Vertu dl section 
of eje (semi diagrammatic) arg argenteo 
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cornea; cp hat campanula Halleri, tr iris, 
/ lens, opt m optic nerve 4 >g pigmentary 
layer, pr ft processus faluformib, sil 
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fully 6 mm in length, and almost fills the sat cuius: another, the asterttcus 
[ot. 2), is a small granule lying in the lagena or rudimentary cochlea: the 
third, the laptllus [ot. 3), is placed in the utnculus dose to the ampullae of the 
anterior and horizontal canals 

Urinogenltal Organs.—The kidneys (Fig. 212, kd, and 1 'ig. 217, R) arc of 
great size, extending the whole length of the dorsal wall of the abdomen, 
above the air-bladder, and partly fused together in the middle line. They 
are derived from the mesonephros of the embryo. Their anterior ends (Fig. 
212, kd, Fig. 217, R) are much dilated and consist in the adult of lymphatic 
tissue, thus ceasing to discharge a renal function. The mesonephric ducts 
[ur.) unite into a single tube, which is dilated to form a urinary bladder 
(Fig. 2i2, u. bl , Fig. 212, v ), and discharges into the urinogenital sinus. 
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The gonads are of great size in the sexually mature fish The testes (Fig. 
212, ts.) are long, smooth, pinkish paired organs, extending the whole length 
of the abdominal cavity; each is rontinucd posteriorly into a duct (w. df.) 
which opens into the urinogenital sinus, and the homology of which with the 
ducts of the primitive nephndial system is still uncertain, flic ovaries are 



IK, 2ij -Salmo brio. 
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also of the full length of the abdominal cavity and are much wider than the 
testes; they are covered with peritoneum on then inner oi mesial faces only, 
and the numerous ova, which are about 4 mm in diameter, are discharged 
when ripe from their outer faces into the coelome. There are no oviducts, 
but the anterior wall of the urinogenital sinus is pierced by a pair of genital 
pores through which the ova make their way to the exterior. Theie is reason 
for thinking that these pores are to be looked upon as degenerate oviducts, 
( and in no way homologous with the abdominal pores of the Chondrichthyes. 
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Dewhp w t f I mpregnation is external, the male shedding his milt or 
seminal fluid on the newly-laid eggs. The ovum is covered by a thick 
membrane, the gotta radiata, perforated by an aperture, the micropyle, through 
which the sperms find access: it is formed of a superficial layer of protoplasm 
surrounding a mass of transparent fluid yolk of a pale yellow colour. At one 
pole the protoplasm accumulates to form an elevated area or germinal disc, 
in which deavage takes place (Fig. 218, A, B) in much the same way as in 
Chondrichthyes, except that, owing to the smaller proportion of yolk, the 
resulting blastoderm (bl.) and the embryo formed therefrom are proportionally 
much larger, and the yolk-sac (y.s.) correspondingly smaller, than in the two 
previous classes. Epiboly takes place as in Chondrichthyes, the blastoderm 
gradually growing round and enclosing the yolk [C-F). The embryo (emb.) 
arises as an devation growing forwards from the thickened edge of the 
blastoderm, and, as it increases in length, appears as a clear colourless band 
(H, emb.) winding round the yellow yolk, and kept in close contact with it by 



Fig. 2 if) —Longitudinal seel ion of blastoderm of Salmo, at about the stage represented m 
D of Fir. 218 ec ectodeim; cn -r infolding giving rise to emlorlerm and mesoderm. (After 
O. Hertwig.) 

the enclosing zona radiata. 'I here is no open medullary groove, the nervous 
system being formed, as in Lampreys, from a fold of ectoderm the walls of 
which are in apposition so as to form a keel-like ridge. The endoderm and 
mesoderm are formed as a result of a process of infolding of the posterior edge 
of the blastoderm (Fig. 2iy). Gradually the head and tail become fiee from 
the yolk, and at the time of hatching, the yolk-sac (/, y.s.) is a shoe-shaped 
body sessile upon the ventral surface of the transparent embryo. 

Systematic Position of the Example. 

Salmo fario is one of several species of the genus Salmo, belonging to the 
family SaUnottidee, and the order “ Teleostei." 

The absence of a spiral valve and of a conus Arteriosus, the presence of a 
bulbus arteriosus, and the decussation of the optic nerves indicate its position 
among the Teleostei. It belongs to the Isospondyli in virtue of possessing a 
pneumatic duct, none but jointed fin-rays, and abdominal pelvic fins. 'Die 
characters which place it among the Salmonidse axe the presence of an adipose 
fin and of pseudobranchiae, the absence of oviducts, and the fact that the 
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m a xilla enters into the gape of the moulh. 'lhe genus Salnuf is itistmgnteiw*! 
by its small scales, well-developed conical teeth, absent on the pterygoids, a 
short anal fin with fewer than fourteen rays, numerous pyloric appendages, 
and comparatively large ova. The distinctive characters of the various species 
of Sohno depend upon comparatively minute points, such as the relative 
proportions of various parts, and arc often difficult of determination owing 
to individual variations correlated with different environments. In 5 . fario 
the posterior margin ot the operculum is evenly curved, the Tnnvilla j s longer 
than the snout, and the vomerine teeth are in a double scries and persist 
throughout life. 

The remaining orders of the Ncoptcrygii, which include the great majority 
of living fishes, are usually placed under the general heading of Teleosts. 
Representatives of the group first appear in the Upper Liassic period as an off¬ 
shoot of the liolostcan phase oi evolution. The process of separation was 
gradual, and a definite line of demarcation is not easy to make. Du ring the 
very early tertiary period the Teleosts expanded enormously and replaced the 
older phase of evolution to such an extent that at the present time the teleosts 
are, with the few exceptions already noted, the only bony fishes in existence. 
It is, moreover, very probable that the full tide of evolution has not yet been 
reached, and that new species are stiff in process of formation. Tcleoots have 
penetrated into every kind of environment, and show an amazing range of 
adaptation to different foods and habits, and give a striking picture of what is 
knowp as " adaptive radiation," of which a condensed account is given further 
on (p. 262). 

The marks whereby a teleost, whatever its shape and appearance may be, 
can be recognised arc partly in the loss of certain characters which arc still 
preserved by the more primitive actinoptcrygians, such as the Palacopterygii, 
Protospondyli and Ginglymodi, and partly ih<> presence of a number of 
structures which are new or, at least, definite modifications of old ones. 

The characters that are lost are : t he spiracl e; t he spiral valve , the conu s 
arteriosus in the heart which is reduced t o one or at most two rows of valves, a 
loss which is compensated by the great enlargement of t he bulbus arteriosus ; 
ganoinc disappear s from the exoskelcton and scales ; there arc no longer any 
fulcra! scales on the fins : gular bones, with very few executions where they are 
much reduced. hav« disappeared or rat her have been replac ed by b ranchiostcga l 
rays. ( Fig. 240). The dermal bones tend more and more to stifle'beneath the skin 
and to come into closer association with the endorranium than is the case with 
the more primitive Palaeoniscids, Crossoplerygians or Dipnoi. The bones o f 
thp ln wpr jaw are reduced to three elemen ts on ly: the dentary,"angular an d 
articular. The pectoral girdle loses t he clavicle. 

Of new or highly modified characters, the gills are now fully filamentar 
p. 86), the tail is externally, and in many cases internally, homocercal or 
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even gcphyrocewal. The skull, which shows an extreme range of variation in 
shape, always has a single instead of a paired vomer and, at the posterior 
dorsal surface, a single supraocdpital bone which is sometimes stated to be 
formed by the fusion of the neural arches of some of the anterior vertebrae, and 
which does not occur in any other fishes. 1 The vertebra are amphicoelous. 
There are additional" ribs ” known as the intermuscular bones. In the paired 
fins the radials are reduced to a few brachial ossicles, and the fin is completely 
fan-like, and without any trace of an axis. The urogenital organs have become 
highly specialised in that both ovaries and testes have acquired new ducts. 
In the male there is no longer any connection between the testis and meso¬ 
nephros. In the female in some cases,— e.g., the trout (p. 253)—there is still an 
open-mouthed oviduct leading from the coelom, but usually the oviduct sur¬ 
rounds the ovary so that the ova pass directly to the exterior without being 
previously shed into the coelom. The teleost brain is also specialised, in that 
the upper walls of the cerebrum are very thin (the enlarged corpora striata on 
the ventral surface show through and give a false impression of cerebral hemis¬ 
pheres). The mid- and hind-brains are, however, often very large. There is a 
great development of the valvula cerebelli (Fig. 214), and the optic nerves 
cross over outside the brain without mixing (the absence of the so-called optic 
chiasma.) 

A satisfactory classification of the twenty thousand, or more, living species 
of tcleosts is, in the present state’of our knowledge,[a[matter*of great difficulty, 
and the number of extinct forms, great as it is, still leaves us in the dark as to 
the actual course of evolution of the many groups which go to form the teleostci. 
The essential teleost characters are present in all, however great the diversity 
in shape, and to make a classification on single anatomical characters or 
external appearance involves the danger of mistaking adaptive convergence 
for evidence of true affinity. 

Certain broad groupings, however, can be made by taking into consideration 
stages of structure and the api>earance of species in geological time. The 
earliest known fishes that ran definitely be accepted as teleosts are placed 
in the genus Leptolepis, itself a derivative of the holostean family the Pholido- 
phorids, which occurs in the Upper, and perhaps in the Lower, Lias. These 
little fishes, from three to four inches long, show all the tek*ost characters of 
skull and skeleton that can be shown by a fossil, but with a few characters, 
such as the presence of a small gulax bone, a perforation of the amphicoelous 
vertebra by the notochord and the retention of some ganoine on the bones and 
scales, all characters showing that Leptolepis had not quite fully emerged from 
the holostean condition. 

1 The earliest known supraoccipltal bone, however, is found in the Phnlidophoridas, a family 
transitional between the Holostei and Teleostei, where this bone appears to be a ncurocranial 
ossification. 
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_ (Fig, 22p) as the starting-point, a number of the more 

pnmi. iye o living and extinct teleosts can be grouped .arpojtfl it as probable 




t -J? S ' 220 ~ I< ®P t ol*Pi» t bn»rt- A, restoration; B, skull. Aug. art. aneulo-articular ■ Cl 
dm thrum; Co. circumorbital; Dent, dentary; Dsph. dermosphenotic; 

Exec, extrascapular; Ft. frontal; lop. interopercular; Af/* metaptervgoid; M?*Suuila : 
Na. nasal; Op. opercular; Par. panetal: Pci. oostcleithnim ■ p»,K «««,»Jm. . ’ 


Na. nasal.; 
opercular; I 
supramaxilla 


■■yn wimm , jo. au K rauruil<u ; sop. SUD-operciliar ; ssc. suprascapular : St it Minnfom«n» 

intertemporal; Subo. suborbital; sym. symplectic. (After Dorothy H Rayner j ' HP ^ , ° ro 


derivatives. This order is termed the Isospondyli, its members all b eing 
characterised by having an open duct from the air-bladder to the throat 
* (known as the physostompus condition), by the fin rays being soft and flexible, 
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by the backward position ot the pelvic fins on the body and by the presence of a 
mesocoracoid element in the shoulder girdle. The cranial bones also often 
remain in the primitive position near the surface. 

Excluding some extinct families, the Isospondyli are represented at the 
present time by the following seven sub-orders. Clupeoidea (Herrings, Shad, 
Sprats, Pilchard, Anchovy, Tarpon, etc,); Salmonoidea (Salmon, Trout, Char, 



Fie. 22ia - Anastas gigu. (From Cambridge A atural History.] 


Smelt, Grayling, Argentines, etc.), Osteoglossoidea (Tropical fresh-water 
fishes, some of very large size, e.g., Arapaima (Fig. 221)); Notopteroidea (a 
small family of fresh-water fishes from Africa and the Orient, rather specialised 
in shape— e.g., Notopterus* (Fig. 237)); Mormyroidea (fresh-water fishes from 
Africa specialised in having the snout sometimes much elongated— e.g., 
Gymnarchus, Momyrus (Fig. 221 6)); Gonorhynchoidca (l Gonothynchus the 
sole living species of a family dating from the Cretaceous); Stomiatoidca 



Fig 22ii — Kormynu oalwlhu. (Fiom Camln idgt Natural History ) 


(deep-sea fishes usually with well-developed phosphorescent organs and often 
of very aberrant shape). 

Although many members of the above sub-orders are often specialised in 
one way or another, they are all based on a primitive and generalised ground 
plan. Allied to them, but showing further anatomical changes, such as the 
loss of the mesocoracoid, frequent closure of the pneumatic duct, etc., is an o th er 
group of orders, such as the Haplomi (Pikes and their allies); Iniomi (Lantern 
fishes); Lyomeri (deep-sea fishes of aberrant shape- -e.g., Saccopharyttx (Fig. 
222)); Apodes (Eels); Synentognathi (Garfishes, Flying-fishes, etc.); Micro- 
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FfO. a22. Saocopharynx ampullaceui. (Fioiu Cambridge Natural History.) 
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Fig. 223. — Hippocampal (Sc.i lior.c) Jn U the operculum is ic moved to bhow the gills 
hr. ap. branchial apertuiu; hid p brood pniuh, d / dorsal tin ; g. gills, pet t. pectoral fn 
(l*Yom Clans and Gunther) 
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Fir. 22s Mm morrhua (Cod) an anus, e j caudal fin d j i- j dorsal fins, tax. 
maxilla pet f pectoral fan, pnn piomaviUa, pv f pelvic tin, if i and j ventr.il fins (After 
( u\itr) 





Pig 226 — Sebastes perooides. It in biamliiostcgal uirmbrinr d /. spiny poi turn of doisal 
fin, d f* soft portion w\ maxilh op nptrcuUr, pet f pcctoidlfin p nn pn maxilla, pr op, 
pro opercular f pi f pch u fin f * / spiny portion of \ t nti al hn 1 f' soft portion (After 
Richardson) 
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Fin 227 -Labriehthys pnttenla (Wiasse) d f haid dorsal fin, d f* soft dorsal, Ip lip6, 
pet J pectoral fin pi f pelvic fin, v. f ventral fin B inferior pharyngeal bone of Labnchthys 
[A, after Richardson; B, after Owen) 
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cyprini; Allotriognathi (Oar- anrl Ribbon-fishes); Solenichthyes (Pipe-fishes, 
Sea-horses (Fig. 223), etc.), and Salmopercae ("Trout-pcrch"). All these, 
although some of them number several hundred species, are relatively small 
groups. The Ostariophysi, however, which are characterised by a peculiar 
chain of bones, the " Weberian ossicles," connecting the air-bladder with the 
ear region, form one of the largest orders of fishes and include the Cyprinoids 
(Carp, Roach, Tench, Dace, Loach, Bream, Goldfish, Electric Eel), the Siluroids, 
(Cat-fishes, Rita), (Fig. 224), and indeed the majority of fresh-water fishes. 
The Anacanthini, the last of this series to be mentioned (Cod (Fig. 225), 
Haddock, Whiting, Hake, and the less commonly known Macnirids) are an 
important group, in that they afford so great a proportion of food fishes. 

All fishes in the above-mentioned series have soft fin-rays. The remaining 
orders together form a super group, the Acanthopterygii, whose members have 



reached the highest degree of anatomical separation from the Leptolepid 
starting-point. The fins arc now supported by rigid and frequently unseg¬ 
mented spines, the pelvic fins have moved so tar forward that they have become 
attached to the cleithrum, the cranial bones are deeply sunk and may be covered 
by scales, and the pneumatic duct, if present, is closed (physodistous condi¬ 
tion). The orders in this group are the Herycomorplii (the most primitive of the 
orders, with the pneumatic duct still open and the fin spines less developed); 
Zeoinorplii (John Dories, Boar fish, etc.); Percomorphi (Perches, Sea bream 
(Fig. 226), Bass, Sunfish, Blennies, Angle-fish, Mullet, Tile-fish, Wrasses (Fig. 
227), Sword-fish, etc.); Gobiomorphi (Gobies); Scleroparei (Gurnards, Miller's 
Thumb, etc.); Thoracostei (Sticklebacks); Heterosomata (Flat-fishes); 
Plectognathi (File- Trigger- Sun- Globe- (Fig. 228) and Porcupine-fishes); 
Pediculati (Angler-fishes), Opisthomi (Spiny Eels), and Symbranchii (Eel-like 
fishes without pectoral fins). 
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3. General Organism ion. 

External Form.—A typical form ot the bony fishes is very iairly represented 
by that of the Trout (Fig. 201)—a long, compressed body, nearly half of which 
is formed by the tail, pointed anterior and posterior ends, a large vertical tail* 
fin, a head of moderate size, and a terminal mouth. Such a form is eminently 
fitted for rapid progression through the water. Hut from this characteristic 
fish-form there are many striking deviations. The body may be greatly 
elongated and almost cylindrical, as in the Eels; or of great length and strongly 
flattened from side to side, as in the Ribbon-fishes; or the head may be of 
immense proportional size and strongly depressed, as in certain bottom living 
fishes, such as the " Fishing-frog "; or, as in the beautiful Reef-fishes, the 
whole body may be as high as it is long. The mouth sometimes has a ventral 
position, as in most Chondrichthyes, with the snout prolonged over it. This 
is the case, for example, in the Sturgeons (Fig. igi); in the allied Polyodon the 
snout takes the form of a horizontally flattened shovel-like structure, about 
one-fourth the length of the body. On the other hand, in the ground-feeding 
“ Star-gazers " and some other spiny-rayed fishes, the lower jaw is underhung 
like that of a bull-dog, and the mouth becomes dorsal in position. A beak may 
be produced by the prolongation of the upper jaw, as in the Sword-fish, or of 
the lower jaw, as in the Half-beak, or of both jaws, as in the Gar-fish (Fig. 19O) 
and Pike. Such a projection is not to be confounded with the snout of the 
Sturgeon or Polyodon, being formed by the elongation of the bones of the 
jaws (premaxilla, maxilla, dentary, etc.), whereas in the two Chondrostean 
forms referred to it is the anterior region of the cranium which is prolonged. 
Still another form of " snout "is produced in many Teleostei by the great 
mobility of the jaws, allowing of their protrusion in the form of a short tube. 
In the Wrasses or " lip-fishes" the mouth is bounded by fleshy lips 
(Fig. 2 27, Ip.). 

Adaptation —the apparent suitability, that is to say, of an organism to its 
surroundings—is a phenomenon which is widespread throughout the animal 
and vegetable kingdoms. The results of this adaptation can be viewed from 
two aspects. One result is to bring about a resemblance between animals of 
different stocks that have taken up similar environments, a condition known 
as convergent adaptation. The other aspect, known as divergent adaptation or 
adaptive radiation, is when animals of allied stock have entered different 
environments and have come to differ superficially from one another, sometimes 
to a surprising degree. 

Fishes, and in particular the Teleosts, from the abundance of species living 
and the great variety of their environments, afford excellent examples of both 
these related aspects of evolution. As an illustration of converged evolution 
may be quoted the superficial resemblance between the extinct holostean 
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Thoracoplmts (Fig. 229) and Exoccetus (Fig. 230), a teleost of theSynentognathi 
Both are “ flying-fishes," and both, in their enlarged pectoral fins and hypo- 
batic tails, show a striking similarity in general body form, while retaining, of 
course, the deeper-seated anatomical differences of their respective classes. 



Tic. i}<3 — 1 Thoraooptenu. 



>ir 230 —Exoccetna. 


A third "flying-fish" nuy be mentioned, (hiruthnx (l 4 ig 231), which, like 
Exoccetus, is a teleost, but is extinct and of a different family. This form 
acquired its flying shape by a different road, since it was the pelvic, and not 
the pectoral, fins that became enlarged to form the gliding-planes. This is a 
reminder that adaptive evolution can attain similar functional ends by different 
means, and that the resemblance between convergent animals is one of varying 
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Fro. 231.— Chirothrix libanknu. '(After Smith Woodward.. 



232.— Mior odan WI|liuL (From Smith Woodward 
after Thiollfere.) 


Fig. 233. —PMttU Mha 
(After Gregory.) 
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degree, and never amounts to an identity of structure Many fishes of very 
' different families, or even classes, have acquired similar body-forms adapted 
presumably to some particular needs, such, for example, as the deep laterally 
compressed body shown by Mtctodon (Fig 232), an Upper Juiassic holostean, 
by the still-living teleosts Psettus seba (Fig. 233) and Pterophyllum the 
“Angel-fish," amongst many others Many, again, have independently 
acquired the ecl-like shape or the peculiar whip-like tail of several different 



r IG J3*|— NoUoutbna bonipartiL (From C ambndgt Vatuial Ihtlorv.) 




deep-sea fishes, such as Notacanthus (Ing. 234) (Heteromi), Macrurus (Fig. 2)5) 
(Anacanthim), TyphUmus (Fig 236), and others. 1 In fact, any examination of 
the fishes will reveal a host of instances in which diverse fishes of similar habits 
have come to resemble one another to a gieater or lesser degree, either in 
general shape, m fin structure, in dentition or in some or other character. 

1 But here again Sotopterus (tig 237) a fresh-water and not a deep-sea fish has a very Similar 
shape It must therefore be conceded tint, while this peculiar shape may be one 01 several 
possible shapes suitable for deep-sea life, it may also be convenient in another environment. It 
shows that m the present state of oui knowledge no absolute rule can be laid down, and that 
conclusions mubt not be reached too easily. 
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The teleosts, taken as a whole, in themselves afford an example of adaptive 
radiation. While retaining their well-defined and diagnostic characters* they 
have assumed an almost infinite variety of shape and construction in accordance 
with the many different environments into which they have migrated. Apart 
from ^hose fishes which have a " normal ” body, it will be enough to mention 
such forms as the flat-fishes, eels, pipe-fishes, procupine-fishes, the curious 



Fig. 237.— lotopteru kapinU. (From Goodrich, after Day) 


sea-horses and so on, a small selection out of a vast range. The Pediculati 
(Fig. 239), or " Angler-fishes,” give a good example of adaptive radiation over 
a small range of structure, and within the limits of a single family. Here can 
be observed the evolution of the tentacle on the head in different directions in 
different members of the family which otherwise retain a general resemblance 
to one another. 

The process by which an animal, or an organ, becomes adapted to a particular 
function is still one of the unsolved problems of evolution, nor can it always be 



Fig. 23S.—AnatbfS tetrophUulmnl. (From Cambridge Natural Hutory.) 


stated with certainty that every character is adapted. Some characters that 
appear (perhaps from our own ignorance) to have no particular adaptive 
significance may be remnants of a former stage of evolution which, owing to 
some change in environment, have ceased their useful function. A structure 
once useful may, under changed circumstances, even become harmful in Which 
case extinction would sooner or later be the result. On the other hand, there 
are many characters which arc clearly adaptive, as, for example, the specialised 
modification of the breathing organs in Anabas, the ” Climbing Perch,” or the 
division of the eye into an upper and lower section for vision above and below 
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water respectively in Amblcps IctropMhalmus (Fig. *aj8), the '' Four-eyed 
Fish." All characters such as the*, it must be presumed, have been gradually 
perfected by natural selection, and will continue so long as the particular 
environment, nature of food and habits remains unchanged. It is not easy to 
explain the majority of adaptations in any other way. 



Oolwi.hthji faetient 

I'lG. 239—" Angler faslic* ” (From Gregory, dfiti Kega.* j 


Tactile processes or barbels sometimes arise from the head; the most 
familiar example is that on the chin of the Sturgeon (Fig. 191 b) Cod or 
Haddock (Fig. 227, b.). An operculum is always present, and is supported 
by a variable number of investing bones; it is continued below into a 
branchiostegal membrane (Fig. 240), which, except in Crossopterygii and the 
Sturgeons, is supported by bony rays. In Polypteru’s a pair of bony jugular 
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plaits (Fig. 195, Ji, jug. pi.) are placed at the lower end of the branch!ostegal 
membrane, between the rami of the mendible: A mia has a single plate (Fig. 
2oo, B, jug. pi.) in the same position. Spiracles are present only in Polypterus 
(Fig. 246) and some Sturgeons. 

The commonest number of median fins Is two dorsals, one caudal, and one 
ventral, but this number may be increased or diminished (Figs. 225 and 227), 
or there may be a continuous median fin extending along the back and round 
the end of the tail to the anus. The dorsal fin is sometimes partly or wholly 
represented by a series of small finlets (Figs. 195). The tail fin may be diphy- 
cercal, heterocercal, or homocercal, and is usually the chief organ of progression. 
But in the Sea-horse (Fig. 223) there is no caudal fin, and the tail is prehensile, 
being used in the position of rest to coil, in the vertical plane, round sea-weeds, 



Fio. 240. —Ventral view of gular plates and branrhiostegal rays in A, a Crussopterygian; 13 , 
Llonichthys, a pal&om&cid; C f A mi a ; G, gular plates, t.g. mtergular, /. g. LiLeral guUrs ; j op. 
biib-opercular; b. branchiostegals; ch . ceratoliyal; mn. mandible. (After Regan.) 

etc.: when swimming it hangs downwards, having no lateral movement, and 
locomotion is effected mainly by the vibration of the dorsal fin. 

The dermal-rays of the caudal fin are always jointed, as iu the Trout, but in 
the Acanthopteiygian type of fishes more or fewer of the foremost rays of the 
dorsal, anal, and pelvic fins are unjointed, forming spines (Figs. 226 and 227, 
d. /.), sometimes large and strong enough to recall the dermal defences of 
some Sharks and of Holorephali. In Polyptcnts (Fig. iq5) each finlet is sup¬ 
ported along its anterior edge by a strong spine, to which the soft rays are 
attached. 

The anterior dorsal fin may attain an immense size, and is subject to some 
curious variations. In the Fishing-frog or Angler ( Lophius ) its foremost rays 
are elongated apd bear lobes or lures by which small fishes are attracted as to 
the bait on a fishing-line. 

In the Sucking-fish ( Echeneis ) the anterior dorsal fin is modified into an 
adhesive disc by means of which the fish attaches itself to the bodies of Sharks 
and Turtles. 
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The portion of the paired fins visible externally is usually very thin , and 
supported entirely by dermal rays. But in Polypterus (Fig. 247) the rays form a 
fringe round a thick basal lobe, which is supported by endoskeletal structures 
(vide infra). This condition of things forms an approach to the structure met 
with in Elasmobranchii and Holocephuli. The pectorals vary considerably in 
size, and in the Flying-fishes (Exocetidx) and flying Gurnards (Dactylopteridse) 
form large, wing-like expansions, capable of sustaining the animal in its long 
leaps into the air. In many fishes the pelvirs are reduced to filaments or scales, 
and in some cases a sucking-disc is developed in connection with them. The 
pectorals always retain their normal position, just behind the gill-clefts, but 
the pelvics often become more or less shifted forwards from the typical position 
beside the vent. The change in position is least in the " ganoid " orders 1 
(Figs. 191, 195, 196, and 200) and in the Isospondyli and allied orders (Fig. 



I' jo. 241 - tUyptoeephalna oynoftkwmu ((1. up- fluke) from the right side. </. f. dorsal fin; l.e. 
left p>e, pit f pectoral fin , p \. / pclvu fin, r. e. right ove ; v. /, ventral fin. ( 4 fter Cuvier.) 

201), in which they are usually between the middle of the abdomen and the 
anus, and arc said to be abdominal in position; but in a large proportion of the 
fishes in the remaining orders of Teleostei they eomc to be placed almost beneath 
the pectorals (Fig. 227, fiv. /.), when their position is called thoracic, or on the 
throat (Fig. 225), when they are said to be jugular in position. 

A very remarkable deviation from the typical form occurs in the Flat-fishes 
(Heterosomata). The body (Fig. 241) is very deep and strongly compressed : 
the fish habitually rests on the bottom, in some species on the right, in others 
on the left side, partly covering itsell with sand, and occasionally swimming with 
an undulating movement. The under side is usually pure white, the upper 
side dark. The eyes (r. e„ l. e.) are both on the upper or dark-coloured side, 
and the skull is distorted so as to adapt the orbits to this change of position. 

1 In this section the term “ ganoid " has been left unaltered. It may be read as covering the 
Pal&opterygu (Sturgeons and Potypterus) together with Ama and Lepidosteus. 


ZOOLOGY 


*JO 


The abdominal cavity is very small, the anus placed far forward, and the dorsal 
and anal fins are sometimes continuous. Young Flat-fishes swim in the 
ordinary vertical position, but after a time they lie on one side and assume the 
adult peculiarities, the eye on the lower side gradually rotating until it reaches 
the upper surface. 

Many shore-fishes exhibit protective characters, the tints and markings of 
the skin being harmonised with those of the rocks, sea-weeds, etc., among which 
they live. The effect may be heightened by fringes and lobes of skin, resembling 
sea-weed, and often giving the fish a most grotesque appearance. The colours 
are often adaptable: Trout, for instance, alter their colour by the contraction 
or expansion of their pigment-cells, according to whether the streams in which 
they live have a muddy or a sandy bottom. In some shore-fishes, such as 
those of the coral reefs, the colours are of the most brilliant description; vivid 
reds, bines, and yellows, spots or stripes of gold or silver, stfe common, and 




Flo. 242.— StomiU boa. The white dots are the luminous oi£<ms. Fig. 243.—Ctenoid srale. 

(From IIu kson, alter Filliol) (Ailer CfLuther.) 


although the combination of tints may sometimes seem to our eye rather 
crude and glaring, they appear to be distinctly protective, harmonising with 
the brilliant hues of the coral polypes and other members ol the reef fauna. 
Pelagic fishes, such as the Mackerel and Herring, are usually steely-blue above, 
white beneath. 

Many deep-sea Telcostei are phosphorescent: in some of these definite 
luminous organs (Fig. 242) are arranged in longitudinal rows along the body, 
cadi provided with a lens and other accessory parts, like those of the eye, the 
whole organ having the character of a minute bull's eye lantern. Some spedes 
of the same order, such as the Weever (Trachinus), possess poison-glands, 
opening either on one of the dorsal spines, or on a spinous process of the 
operculum, or, as in the Cat-fishes (Siluridae), on the spine of the pectoral fin. 

Exoskeleton. —In many bony fishes, such as Polyodon and many Eels, Hie 
skin is devoid of hard parts, but in most cases a dermal exoskdeton is present. 
In Amia and in the majority of Teleostei this takes the form, as in the Trout, 
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s af scales, founded plates of bone imbedded in pouches of the dermis and over¬ 
lapping one another from behind forwards. When the free border of the scales 
presents an even curve, as in Amia and most Physostomi and Anacanthini, 
they are called cycloid scales (Fig. 203}; when, as in most " spiny-rayed " 
fishes, the free edge is produced into small spines (Fig. 243), they are dis¬ 
tinguished as ctenoid scales. Usually the integument is continued as a thin 
layer over the surface of the scales, but in a good many cases this investment 
is absent. In exceptional cases the scales by a redeposition of bone may be so 
large and strong as to form a rigid armour. In the Sturgeon (Fig. 191) there is a 
strong armour, formed of stout bony plates, or scutes, produced into enamelled 
spines and articulating with one another by suture. Scutes are also found in 
many Siluroids (Fig. 226) and in Lopliobranchii (Fig. 223) and some Plectognathi 
(Fig. 228); while in other Plectognathi the exoskeleton takes the form, as in 
the File-fishes, of minute spines like the shagreen of Sharks, or, as in many 
Globe-fishes, of long, outstanding, bony spines. Lastly, in Polypterus and 
Lepiiosteus are found ganoid scales in the form of thick, close-set, rhomboidal 
plates formed of bone, covered externally by a layer of enamel-like material 
(ganoin) and joined together by pegs and sockets. In many Ganoids the 
anterior fin-rays of both median and paired fins bear a row of spine-like scales 
called fulcra (Fig. 196, ft.). True dermal teeth similar to those of the 
Chondrichthyes occur scattered over the scales and lepidotrichia in some of the 
bony fishes (c.g„ Lepiiosteus, Polypterus) : these may be fixed or movable 
(Siluroids). 

Endoskeleton.—In the Sturgeons the vertebral column (Fig. 192 and 245) 
consists of a persistent notochord with cartilaginous arches, and is fused 
anteriorly with the cranium. In the remaining orders bony vertebrae are 
present; the centra arc biconcave, except in aome Eels, in which the anterior 
face is flat or even convex, and in Lepiiosteus, in which the anterior face is 
distinctly convex. Vertebra! of this foim, 1 e , h.i\ing the centrum convex in 
front and concave behind, are called opislhocivloiu,. Ribs are usually present: 
in Polyfletus each vertebra has two pairs, a dorsal pair (Fig. 244, R, I —F) of 
considerable length, running bid ween the dorsal and ventral muscles, and a 
short ventral pair (f) between the muscles and the peritoneum: the former 
answer to the ribs oi Chondrichthyes, the latter to the ribs ( pleural ribs) of the 
remaining bony fishes, which are always placed immediately beneath the 
peritoneum. There may be one or more sets of intermuscidai bones, attached 
either to the neuial arch {epineurah), to the centrum ( epicentrals ) or the ribs 
(epipleurals), not preformed in cartilage, but developed as ossifications of the 
intermuscular septa. The posterior end of the vertebral column is turned up 
in the Sturgeons, Lepiiosteus, and A mia, resulting in a heterocercal tail-fin: in 
Amia, however, the fin-rays are so disposed that the fin appears almost 
symmetrical. Among Tdeostei the tail-fin is very usually homocercal, as in the 
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Trout, with a more or lot disguised asymmetry m many cases in the adult 
the development of the large, tan-shaped, posterior haemal arches completely 
hides the upturned end of the notochord, and in some the spinal column 



Fig 244 — Anterior end of vertcbi.il column of Polyp tenil. P** p iraspbtnoid R I — V, 
dorsal rib's Wh, centra t* ventral (plcur ll) ribs (h nun W ltdcrsheiurs ( ompaiatv r A natotny ) 


ends simply in a somewhat compressed centrum .iround which the fin-rays are 
symmetrically disposed, such truly symmetrical tail-lms arc c ailed diphycercal 
In the structure of the skull, the cianium of the Chondrostei (Fig 24$) is an 
undivided mass of cartilage with a few isolated replacing bones The roofing 



1 ?ig 245 Skull of Sturgeon, mth the investing bones removed a phai yngo branch iaJg; 
Ab antorbitalprocess, AM articular, b epibranclual t ceratobranchial C, notochord, Cop 
basibranchials d hypobranchial l)e dentary, Oh auditory capsule, HM hyomandibular, 
ky hyoid cornu, Ik mterhyal Md mandible, Na nasal capsule, Ob neural arches, PF 
post orbital process, PQ palitoquadrate Ps Ps JV' parasphfnoid, Psp neural spines, 
Qu quad rate, R rostrum, Rt nos Sp N foramina for spinal nerves, Sy symplectic, Ws 
vertebral column, % vagus foramen /- \, branchial arches (! rom Wiedersheim s C omporative 
aniomy ) 
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investing bones lie in the dermis, so its to be practically superficial, and behind 
pass insensibly into the scutes covering the trunk; the fact that these bones 
(panetals, frontals, etc.) arc exoskeletal structures is here perfectly obvious. 
The same is the case in Polypterus (Fig. 246), in which, however, the replacing 


bones are better developed. In Lepidosteus 
and Am'a, and especially the latter, the 
skull resembles that of the Trout in all 
essential respects, the main differences 
consisting in the absence of certain bones, 
such as the supra-ocripital, and in the 
presence of additional investing bones. 
Among leleostci it is only in the Iso- 
spondyli that the investing bones remain 
separable from the chondrocranium in the 
adult; in the remaining orders, c.g. in the 
Cod, Haddock, or Perch, they become 
grafted on to the rhondiocranium and 
so closely uniled with the replacing bones 
that they can be lemoved only by pulling 
the whole skull to pieces, most of the 
original cartilage frequently disapjieais ir 
the adult and Hit cianium thus becomes a 
firm bony mass m which no distinction 
between replacing and investing bones is 
discernible 

The varying size of the gape, which is 
so noticeable a feature in the fishes, 
depends upon the inclination of the 
suspensonum: in wide-mouthed Fishes 



(Fig 227) the axis ol the liyomandibulai 
and suspen-sorium is neatly vertical 01 
even inclined backwaids; in small- 
mouthed forms (Fig. 228) it is strongly 
inclined forwaul®, and the length ol 
the jaws is proportionately reduced In 


Fig -Skull of Polyptenif, fiom 
above 7 1iont.il, Af maxilla, V nasal, 
A a nostril, Op opcuular, Otb orbit, 
P paiipial lhe xcinainmg letterb point 
to libs important investing bones. llie 
jfrow is pdsswl into the spiracle (From 
Wiedeiaheim'b i ompaiatiie Anatomy ) 


the branchial arches the pharyngobranchials of eacli side an very commonly 
fused, and constitute what are called the superior pharyngeal hones: the reduced 
fifth branchial bars, or inferior pharyngeal bone s, bite against them. In some 
Percoid fishes are distinguished by having the inferior pharyngeal bones united 
into a single bony mass of characteristic form (Fig. 227, B). The gill-rakers are 
often very highly developed, and may foim a mesh capable of retaining even 
microscopic organisms. 
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In the shoulder-girdle, of the Chondrostei there is a primary shoulder* 
girdle consisting of large paired cartilages, not united in the middle ventral 
line, and unossified: each is covered externally by a large scute-like investing 
bone, the ckiihrum. In Poly pier us a clavicle and deithrum are also present, 
but in the remaining Ganoids and in Teleostei the primary shoulder-girdle is 
reduced in size and is usually ossified by two bones, a dorsal scapula and a 
ventral coracoid: sometimes, as in the Trout, there may be an additional 
ossification, the mesocoracoid. Additional investing bones— supra-cUithrwn, 



1 'iG. 247 l'cctoral fin of 
PoljjtaniL 1 S dermal rays, 

A/S mosopterygmm; M 7 meta- 
pterygium, AL nerve fora 
mina; 0 s* ossification in meso 
ygium, IV. propterygium 
first radials, /fa 1 , second 
radials At * the bonv marginal 
rays meet and shut oft the middle 
region from the shoulder-girdle 
(hrom Wiedersheim's < otnputa¬ 
tive *luatomy) 

post-cleithrum, etc. -are added, and one of them, the post-temporal, serves to 
articulate the shoulder-girdle with the skull (Fig. 210). 

In the skeleton of the pectoral fin of Polypterus (Fig. 247) the basal lobe of 
the fin is supported by a rod-like ossified propterygium (Pr), a broad carti¬ 
laginous, partly ossified, mesopterygium (MS), and an ossified metapteiygium 
(MT ); to these, two rows of elongated radials (Ra, Pa 1 ) are articulated fanwise, 
and these in their turn give attachment to the fin-rays (FS). In all the 
remaining orders the basalia (pro-, meso-, and mcta-pteiygium) are absent, and 
the endoskeleton of the fin consists only of a single or double row of radials 
(Fig. aio). 



Fig 248 Pehic fin of young 
Polyptonu. Ip part of basal, 
ItaO ha&al HP tielvic carti 
lagcs (fuvti in adult), Pud 
xadialv (1 roin \\ irdersheim ) 
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In Polypierus there is a vestigial pelvic girdle (Fig. 248, BP) in the form of a 
small rhomboidal cartilage to which the anterior ends of the basalia (for 1 ) 
are attached. In all the remaining orders the pelvic girdle appears to be 
atrophied. The pelvic fin is supported by a single bone of variable form (Fig. 
an 1B. PTG) and apparently arising from the fusion of proximal pterygiophores. 
Between its posterior end and the dermal rays irregular nodules, representing 
radials, may be interposed 

The distinction between hard or unjointed iin-rays, or spines, and soft or 
jointed fin-iays has already been 

referred to. The first ray of the * 

dorsal and pectoral fins sometimes, 
c.g. in Siluroids (Fig. 224), has the 
form of a very strong spine arti¬ 
culated by a bolt-and-shacklc joint, 
i.e. by the interlocking of two rings 
In some cases the first dorsal spine 
springs from the skull. 

The texture of the bones is 
subject to wide variation: in some 
" Spiny-iayed ” fishes they are veiy 
thick and stiong, in some places 
almost like tvoiy; while m the 
Lump-fish (( ycloplerus), the huge 
Sunfish (Mola), and in many deep- 
sea forms, such as the Ribbon-fishes 
(Regalecus and Trachypterm >), the 
amount of mineral matter is so 
small that the hones are easily cut 
with a knife and weigh astonishingly 
little when dry. 

Electric Organs.—lhree geneia 
of bony fishes possess electric 
organs, the Electric Cat-fish (Mala- 
pterurus), one of the Silurickc, found 

in the fresh waters of tropical Africa, the Electric Eel (Cyprinoid), Electrophones 
occurring in Biazil and the Guianas, and an American Star-gazer of the genus 
Astroscopus. In Malaptcrurus the electric organ extends over the whole body, 
beneath the skin; in Electrophones (Fig. 249) there is a pair of batteries in the 
ventral half of the greatly elongated tail; in A stroscopus the electric organs 
are situated on the upper suifaie of the head just behind the eyes. As in the 
Chondrichthycs, the electric organs are formed by modification of muscular tissue. 

Digestive Organs.—Some fishes are toothless; but in most instances teeth 



lit. 249 Electrophoruisleotncui. A showing 
the extent of the fleet ric organ ( F ). 11, ventral 
fin H, small portion of tail, in section. DM 
DM' dorsal muscles I I-'. electric organ, FI 
ventral fin, H, skin, I II caudal canal, Sep 
fibrous septum, VAf I’M' ventral, muscles, 
IVs, TVS' vertebral column, with spinal nerves 
(From W ledershoim's Comparable Anatomy ) 
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are present, and may be developed on the pre-maxilla, maxilla, palatine, 
pterygoid, vomer, parasphenoid, dentary, basihyal, and bones of the branchial 
arches. It is characteristic of most Teleostei, with the exception of Isos* 
pondyli, that the maxilla is edentulous and does not enter into the gape (Fig. 
226). In a large majority of species the teeth are small, conical, and recurved, 
suitable for preventing the struggling prey from slipping out of the mouth, 
but quite unfitted for cither tearing or crushing. In some fishes, such as the 
Pike, the teeth are hinged backwards so as to offer no resistance to the passage of 
the prey towards the gullet, but effectually barring any movement in the other 
direction. In many deep-sea fishes (Fig. 222) the teeth are of immense size 
and constitute & very formidable armature to the jaws. A number of instances 
occur in which there is a marked differentiation of the teeth, those in the front 
of the jaws (Fig. 250) being pointed or chisel-edged, and adapted for seizing, 

while the back teeth have spherical surfaces 
h| adapted for crushing. In the Wrasses (Fig. 227, 
MBFwTilLm B) strong crushing teeth are developed on the 
M& pharyngeal bones. In the Globe-fishes the teeth 
Jy 3 p are apparently reduced to one or two in each 
jaw, but each “ tooth ” in this case really 
consists ol numerous calcified plates tased 
vcHmhJIw together The teeth may be either simply cm- 

bedded 111 the mucous membrane so as to be 
detached when the bones are macerated or 
boiled, or they may be implanted in sockets of 
the bone, or ankylosed to it. 1 hey are formed ot some variety of dentine, and 
are often capped with enamel. Their succession is perpetual, i.e. injured or 
worn-out teeth are replaced at all ages. 

In some sjx'cies the alimentary canal shows little differentiation into regions, 
but, as a rule, gullet, stomach, duodenum, ileum, and rectum are more or less 
clearly distinguishable. The stomach is gcnerallv V-shaped, but its cardiac 
region may be prolonged into a blind pouch; it is often veiy distensible, 
allowing some of the deeji-sea Teleostei to swallow fishes as large as themselves. 
In the Globe-fishes the animal can inflate the gullet with air or water when it 
floats upside down. 'J he Ganoids have a spiral valve in the intestine, which 
is very well developed in Polyptcrus and the Sturgeon, vestigial in Lepidosteus 
(Fig. 252, sp. v.) and Amia : it is absent in all Teleostei, except possibly in 
Chtrocenirtts, one of the Isosjxmdyli and a trace occurs in the Herring. The 
liver is usually large; a pancreas may be present as a compact gland, as in 
Chondrichthycs, or may be widely diffused between the layers of the mesentery, 
or in part surrounded by the liver. Pyloric caca arc commonly present, and 
vary in number from a single one to two hundred. The anus is always distinct 
from, and in front of, the urinogenital aperture. 


the bone, or ankylosed to it. 
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Respiratory Organs*— 1 he gills are usually comb-like, as in the 'limit, the 
brandiial filaments being free, owing to the atrophy of the interbranchial 
septa. In the Sturgeon, however, the septa are lairly well developed, reaching 
half-way up the filaments, so that the latter arc free only in their distal portions; 
this arrangement is obviously intermediate between the chomlrichthyan and 
teleostean conditions (Fig. 68). The most striking deviation from the 
normal structure occurs in Syngnalliidac, in which the gill-filaments are replaced 
by curious tufted processes (Fig. 22j, B, g.). As a rule gills (holobranchs) arc 
developed on the first four branchial arches, but the fourth is frequently 



/?, iltei (lunther) 

reduced to a hemibranch, and further reduction takes places in some cases. 
Ihc pseudobraiK h 01 vestigial hyoidcan gill may cither retain the characteristic 
tomb-hke structure, as in the Trout, or may be reduced, as in the Cod, to a 
gland-like organ fonned of a plexus of blood-vessels and called a vaso-ganghon 
or rele mirabile. In most Tclcosts the mechanism of respiration is similar 
to wluit has already been described in the case of the Trout, and respiratory 
valves are developed in the mouth-cavity. But there arc considerable 
differences in details, more especially as regards the relative importance of 
the opercula and the branchiostegal membranes in carrying on the movements 
of inspiration and expiration. 

In additon to the gills some Teleostn possess accessory organs of respiration. 
In A tnphtpnous, an Indian physostome, the gills are poorly developed and are 
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functionally replaced by a vascular sac occurring on each side of the body and 
opening in front into the first (hyobranchial) gill-cleft. Such sacs are physio- 



Fig 252—Digestive or¬ 
gans and air-bladder of 
Lepiloitrai. a. anus; a. b. 


air-bladder; a. b\ its aper¬ 
ture in the pharynx; 6. d\ 
aperture of bile-duct; c. 
pvioric caeca; g. b. gall¬ 
bladder; hp r d. hepatic duct; 
If. liver, py, pyloric valve; 
s. spleen; v. spiral valve; 
st. stomach. (FromWieders- 
heim’s Comparative Anatomy, 
after Balfour and Parker.) 


logically, though not morphologically, lungs. In the 
Climbing Perch (Anabas) of the Oriental Region (Fig. 
251) the superior pharyngeal bones arc developed 
into folded plates (B) covered with vascular mucous 
membrane and capable of retaining water for a 
considerable period: the fish is able to traverse the 
land, and is even said to climb trees, holding on 
alternately by the spines of its pre-operculum and of 
its ventral fins. It has become so thoroughly a land- 
animal that it is drowned if immersed in water. In 
the little armoured siluroid CaUichthys anal respiration 
takes place, air being drawn into and expelled from 
the rectum. Lastly, in the curious little goggle-eyed 
Periophihalmus of the Indian and Pacific Oceans the 
tail-fin seems to serve as a respiratory organ, being 
kept in the water while the fish perches on a rock. 

The alr-Uadder retains its connection with the 
gullet (rarely with the stomach) in Ganoids and 
Pfiysostomes; in the other Tclcostei the pneumatic 
duct atrophies in the adult and the bladder becomes 
a shut sac. In Polypterus it consists of two lobes, a 
large left and a smaller right. The pneumatic duct 
is always connected with the dorsal wall of the 
gullet or stomach, except in Polypterus, in which the 
aperture is ventral. The bladder is sometimes divided 
into compartments or produced into lateral offshoots: 
in Arnia and Lepidosteus (Fig. 252, a. b.) its wall is 
sacculated or raised into anastomosing ridges, en¬ 
closing more or less well-marked chambers and thus 
resembling a lung. In Polypterus its lung-like char¬ 
acter is enhanced by the ventral position of the 
opening and by the blood being conveyed to it (as is 
also the case in Amia) by a pair of pulmonary arteries 
given off from the last pair of epibranchial arteries, 
as in the Dipnoi. 

The air-bladder seems to be capable of acting 
as a sort of accessory respiratory organ; it has been 
found that in a perch, asphyxiated in stagnant 
water, the oxygen in the bladder, which normally 
amounts to 20 or 25 per cent., is entirely absorbed 
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and replaced by nitrogen and carbonic acid. Its normal function, however, 
is hydrostatic, it serves to keep the fish of the same specific gravity 
as the water. The Specific gravity of the fidi as a whole, rising or 
falling as it must on account of the increase or decrease of pressure at 
various depths as the fish descends or ascends causing greater or less com¬ 
pression of the gases in the air-bladder, can be brought to approximate to that 
of the surrounding water by increase or decrease in the quantity of the con¬ 
tained gas. This is brought about by secretion or absorption, often by means 
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Fig 253. —Hon/ontal belt 10a of posterior portion of head and anterior end of air bladder m 
Piaadophycb b&ohni, one of the Ciadidse or Cods (semi-diagrammatic) a thickened portion of 
air-bladder fitting into fenestra in posterior wall of auditory c apsule, a bl air-bladder ; au cp. 
outer wall of auditory tipsule; au cp\ innei (membranous) wall, b hollow ofishoots of air- 
bladder, cp str torpoia btriala, itb cerebellum, tnemb lab membranous lab)nnth, olf l . 
olfactory bulbs, ol) p olfactory pedum les (olf acton tiacts), op operculum, opt l optic lobes, 
os. gn vaso ganglia 

t 

of vaso-ganglid or red glands (Fig. 253, vs. gn). These are elevations of the 
wall of the bladder, abundantly supplied with blood, and containing tubular 
glands which open into the cavity of the bladder. In fishes with a pneumatic 
duct the red glands are absent, but in the Eels and others their place is taken 
by red bodies of similar appearance, but with non-glandular epithelium. In 
some forms with dosed air-bladder the anterior end of the organ is forked, 
and each branch (Fig. 253, a) fits dosely against a membranous space in the 
posterior wall of the auditory capsule, while laterally it extends outwards in 
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the region of the shoulder-girdle, and comes to lie immediately beneath the 
skin; any change in volume of the air bladder is thus communicated to the 
auditory organ. A more sensitive apparatus exists in the carps and siluroids, 
in which a chain of bones connects the air bladder with the ear, forming the 
Weberian apparatus. Both mechanisms control by reflex action the passage of 
gas to and from the bladder, tending to maintain the volume of this organ 
constant at all depths. This ensures that the equilibrium will not change 
during a sufficiently slow migration to shallower or deeper water. 

The structure of the heart forms one of the most striking differences between 
the “Ganoid” orders and the Teleostei. In Ganoids there is a muscular 


tonus arteriosus with rows ot valves, as in the Chondri- 

f t chlliyes; in Teleostei a vestige of the conus containing 

two rows of valves has been found in Albula (Physo- 
* stomi), and similar vestiges occur in several other 

genera of the same sub-order, but in all the rest ol the 
order it is entirely unrepresented. On the other hand, 
Teleostei always have a large bulbus arteriosus, 
ii formed as a dilatation of the base of the ventral aorta. 

In the brain the cerebellum and optic lobes arc 
usurilly laige; the diencephalon is well developed in 
Ganoids, almost obsolete in 1 eleostei. In the Teleostei 
and Ganoidei the prosencephalon has the general 
leatures which have been described in the account of 
the brain of the Tiout: it is not divided into hemis- 
' " plieres and has a roof which, except in Afina, is cum¬ 
ins. 254--Brain of plctely non-nervous; its floor consists of a paii of 

cbl cerebellum, t A ol massive corpora striata (tig 254, pt s , and l'lg. 2ij, 

factory part of prusm JJG). In most instances the olfactory bulbs are in 

phaiim, m 0 medulla close apposition with the olfactory region of the 

2 utwy ^uibs^ opt ' / prosencephalon without the intervention of olfactory 

optic lobes, pn corpora stalks or tracts; but in some cast's, as in the Cod 

Md*^rkef) ter BAUour (big. 253, olf. p.), they arc liome on long olfactory 

peduncles or olfactory tracts. The Ganoids agiec with 
Chondrichthyes in the fact that the optic nerves form a chiasma, while in 
Teleostei they simply cross one another or decussate. Here also, however, 
the distinction is not quite absolute, since in the Herring and some other Physos- 
tomes one nerve passes through a slit in the other. In some Plectognaths the 
spinal cord undergoes a remarkable shortening: in a Sun-fish z\ metres in 
length and weighing a ton and a half the cord is only 15 millimetres long, being 
actually shorter than the brain. 

Urlnogenltal Organs. —The kidney (Fig. 212, kd.) is formed from the mesone¬ 
phros of the embryo, and usually attains a great size; the pronephros usually 


tic. 254--Brain of 
Lepidoeteni, dorsal view 
cbl cerebellum, i h ol 
fiUtory part of prose n 
ccphalon v dt diene e 
phalon f tn o medulla 
oblongata, olf l ol¬ 
factory bulbs; opt l 
optic lobes, pr* corpora 
striata (After Balfour 
and Parkei) 
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atrophies. The urinary duct (ur,) is the undivided pronephric duct: it unites with 
its fellow of the opposite side before opening either directly on to the exterior 
or into a uriuogenital sinus. A urinary bladder is formed as a single or double 
dilatation of the duct. 1 he right and left kidneys undergo more or less fusion, 
and their anterior ends are usually convert oil into adenoid or lymphatic 



1 k> 255 Malt 111 gatis 
of Lepidoiteiu. hi bladder 
/ ( longitudinal canal, 
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I ig 256 1 (male oigdus of LepidOftoo* (- 4 ) 
and Anua (H) a, degenerate anterior portion of 
kidne\ HI bhddei , Kd kidney oid oviduct, 
otd' apertuie of nwduct into bladder, ovd " 
pcntoncal apciture oi\ ovary p peiitoneum, 
r/g ap unnogemUl apcrtuie, uj urinary duct 
(J after H.ilfoui and Parker H, after Huxley ) 


tissue (kd '), so that, while resembling the test of the organ in external 
appearance they do not discharge a renal function 

Hit* male organ s of Lcpidostein, may be taken as an example of those of 
Ganoids. The testis (Fig 255, is) is a paired, tabulated organ, the secretion of 
which is earned by a large number of vasa efferentia (v. ef) into a longitudinal 
canal (/. e.) lying alongside the urinary duct {ur ) Fiom this canal tubes 
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are given off winch communicate with the urinary tubules of the kidney or 
open directly into the duct, so that the seminal fluid has to traverse the 
latter in order to reach the urinary bladder (bl.) and make its escape by the 
common urinogcnital aperture (u.g. ap.). In Teleostei there are no vasa 
efferentia, but the posterior end of the testis is directly continued into a duct 
(Fig. 2ia, v. d.) which unites with its fellow of the opposite side and opens 
either into a urinogenital sinus, as in the Trout, or, as in the Cod, directly on 
the exterior, between the anus and the urinary aperture. In the Eels the 
seminal fluid escapes into the ccelome and is discharged by genital pores. 

In most Ganoids the oviducts (Fig. 256, B, ovd.) have funnel-like anterior 
ends (ovd.") opening into the ccelome, while posteriorly (ovd/) they discharge 
into the dilated urinary duct (bl.). A similar arrangement occurs in the Smelt, 
one of the Physostomi (Salmonidse), in which the eggs are discharged from the 
outer or lateral face of the ovary into the open end of the oviduct. But in 
most Teleostei and in Lcpidosteus (Fig. 256, A) the ovaiy (ovy.) is a hollow sac 
continued posteriorly into the oviduct (ovd.) : the eggs are set free into its 
cavity from the folds into which its inner surface is produced, and so pass 
directly into the oviduct without previously entering the coelome. An ovary 
of this kind reminds us of the state of things in Arthropods, in which also the 
ovary is a hollow organ discharging its products into its internal cavity, whence 
they pass directly into the continuous oviduct. It was pointed out that the 
lumen of the ovary in this case was to be looked upon as a shut-off portion of 
the coelome: this is certainly the case in Lepidosteus and the Teleostei. In 
the embryo a longitudinal fold grows from the ventral edge of the then solid 
ovary, and turns upwards along the lateral face of the organ: it is met by a 
descending fold of peritoneum from the dorsal wall of the abdomen, and by the 
union of the two folds a cavity is enclosed, which is the lumen of the ovary. 
The oviduct is developed as a backward continuation of these folds of peri¬ 
toneum, and appears to be quite unconnected with the embryonic renal system, 
and therefore not to be homologous with the oviducts of Selachians and Holo- 
cephali, which, as we have seen, are Miilierian ducts. In the Salmonidse and 
the Eels oviducts are absent, and the ova are discharged by genital pores, which 
arc probably to be looked upon as degenerate oviducts. True abdominal 
pores are present in Ganoids and in some Physostomi. Most fishes are dioecious, 
but Serranus, one of the Perch family, is hermaphrodite and self-impregnating; 
Chrysophrys is hermaphrodite and successively male and female; and there 
are many well-known species, such as the Cod and the Herring, which exhibit 
the hermaphrodite condition as an occasional variation. Kegan has described 
interesting cases of small parasitic males which become permanently attached 
to the female in the Ccratioids (Oceanic Angler fishes). 

Beproduetion and Development.— Most bony fishes are oviparous, the eggs 
being fertilised after they are laid, but in some Teleostei, such as the Viviparous 
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Blenny (Zoarces), internal fertilisation takes place; the young are developed 
in the hollow ovary and are brought forth alive. Many instances of parental 
care of the young are known, the most familiar being that of the male Stickle¬ 
back (Gasterosteus), which constructs a nest of weeds, fastened together by a 


F ■ 

iv 1 


H 1 


Ftc 25/ ''ogiwnt itum m Adpenser ( 4 ), 

Anua (/')» and Lepidoitens (6) i i ?, ind 3, 
h 1 and 2, ( x and 2 are \iews oi the apical pule 
the lemaniing figiues aie Mde views (trom 
(•idliam Ken aftci Ucd.11 Whitmin, and 
1 vi loshv nier) 

glutinous secretion of the kidneys, and jealously guards the developing young. 
In the Sea-horse (Hippocampus) and the Pipe-fishes ( Syngnathida ) the young 
are developed in a pouch (Pig. 223, brd. p) on the abdomen of the mole. In 
(he Siluroid Aspredo the eggs are piessed into the soft spongy skin of the belly 
and thus carried about by the parent. The ova aie always small as compared 
with those of Chondrichthye<, never exceeding 5-10 mm in diameter, and being 
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usually much smaller. They are ruiely protected by an egg-shell. They 
are produced in immense numbers, a single female sometimes laying several 
millions: in such cases the mortality among the unprotected embryos and 
young is immense. The eggs may be pelagic, i.e. so light as to float when laid, 
as in the Cod, Haddock, Turbot, Sole, etc.; or demersal, i.e. so heavy as to sink 
to the bottom, as in the Herring, Salmon, Trout, etc. In some cases 
(ChUobranchus) they become cemented to the surface of a rock. 

In all the Ganoids hitherto investigated, with the exception of Lepidosteus, 
cleavage is complete. In Acipenser and Amia (Fig. 257, A and B) it is very 
unequal, the macromeres being immense as compared with the micromeres: 
in Polypterus it is subequal at first, becoming unequal later: the process may 
be said to be intermediate between the holoblastic and meroblastic types. In 
Lepidosteus (Fig. 257, C) ■ the segmentation is meroblastic, the fissures not 
extending much beyond the equator of the egg. In Teleostei segmentation is 



Big. 258 - -Paljptonu Uchir. Head of ad van red larva. L.G. external gill. 
(I 1 rum Dean, after Steradachner) 


always partial and discoidal. The general features of development arc much 
the same as in the Trout, except that in the Sturgeon and Polypterus, as in 
Craniates in general, then* is an open medullary groove which becomes closed 
in to form a medullary canal, There is frequently a metamorphosis: in Lepi- 
dosteus, for instance, the newly-hatched young is provided with a sucking- 
disc, and the proportions of the head aic quite different from those of the adult. 
In the larval Sturgeon provisional teeth arc present, and in many Teleostei the 
young differ from the adult in the presence of large spines. The pelagic larvae 
of Eels are strongly compressed, perfectly transparent, and have colourless 
blood. They are sometimes known as “ Glass-fish, 1 ' and were formerly placed 
in the genus Leptocephalus, their real nature being unknown. Polypterus 
(Fig. 258), has external gills, as in Dipnoi and Amphibia (vide infra), and the 
same holds good of ( obitis, llcterotis, and Gymuarchm, among the Teleostei. 

GLASS CHOANICHTHYES . 1 

Although in point of numbers and variety this class has never approached 
the Actinopterygii, and is, at the present time, reduced to one recently dis- 

1 This term is adopted from Romer. C. ],. Hubbs has suggested the tens Amphibtoidei 
" Science," New Senes, XLIX, 1911) 


PHYLUM CHORDATA 


*85 

covered Actinistian and to the few species of Dipnoi, themselves members of 
a side line, it has been of the greatest importance, in that it gave rise to 
all the land living vertebrates of the world. 

The apparently trivial feature that made this enormous change possible 
was the acquisition of a nostril inside the mouth, whereby the lung, already 
in partial use, was enabled to assume a much greater rdle. 

The cosmoid structure of the scales and head bones is a characteristic 
feature. The general anatomy of the soft parts can be presumed, allowing 
for some specialisations and degeneration, from the still-living lung-fishes. 

The earliest appearance of the Choanidithyes is during the Middle Devonian 
period by which time three separate orders, the Rhipidistia, Dipnoi, and only 
a little later the Actinistia were already clearly established. The Rhipidistia 
and Actinistia together form the old group known as the Crossopterygii (after 
the removal of Polypterus to the Actinopterygii). 

Sub-class Crossopterygii. 

Order Rhipidistia. 

Although the members of this order are in some respects too specialised 
to be themselves ancestral to the other two, or to the Tetrapods, the order 
may nevertheless lie considered as the central one from whose earlier less 
specialised roots the other two and the Tetrapods branched off on their own 
lines of evolution. 

Osteolepi s macro!epidotus (Figs. 250, 260), the earliest species that is well 
known, may be described as illustrating all the main features of the class, as 
well as the particular features of the order. As compared with a primitive 
Actinopterygian, such as Pahconiscus, there are several points of difference, 
beside those ot the internal nostril and scale structure already mentioned, such 
as two dorsal fins instead of one, a smaller eye with numerous sclerotic plates 
and paired fins of the archipterygial type with a single basal dement 
articulating with the shoulder-girdle. The dentition shows two peculiar 
features. The prcmaxilla, maxilla and dentary are supplied with a number 
of small, sharp, conical teeth, such as occur in many fishes, but the prevomer, 
palatine and cctoptcrygoid have, in addition, a series of larger teeth of a 
characteristic structure and method of replacement. The dentine is much 
folded and replacement is alternate, a second tooth growing up beside the 
first, so that there is a large and a small socket side by side. It is interesting 
that these two features have also been transmitted from some earlier ancestor 
to the tetrapods, as is shown by the “ labyrinthodont ” teeth of the early 
amphibia. 

The tail oi Ihc Rhipidistia having a small epichordal lobe is partly hetero- 
cercal. Tlie composition of the skull is, in general, not unlike that of a 
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palaoniscld, but there is one important and characteristic point of difference, 
in that in all Crossopterygii there is a line running transversely across the skull 
between the frontal and parietal bones which divides it into two portions. 
This feature alone would prevent any known crossopterygian from being 
regarded as ancestral either to the dipnoan or tetrapod tines. 



Fig. 259—Osteolepil macrokpidotns. A, dorsal; B, Side views Attg angular; CM. 
cleithrum; D. dentary; D. Sph deimospbenohc; Lit L. Ext. M. at E. extrascapulars; Fr. 
frontal; Gu. gul.tr, /. 1. intertrmporal, /it jugal; La. lachrymal, Lot Gv. lateral gulan; 
Md mandible, M (,u median gular; Jlfi maxilla; Na. nasal; Op. operrnlai; Pa. parietal; 
P Gv principal gular, P O. post-orbital; P. Op pro-operrulai; P Hot. post-rostral, P. ib 
post-splciual, Qtt. J. quadrato-jugal, S. A tig sur-angular, S O supraorbital, S op sub 
opercular; Sp. splnual, Sq squamosal, 5 7 . supra-tcmporal; it external nostril, p. pineal 
fanmen. (After Sa\ e-Soderbergh.) 



Fig 260 —Oftedtopto maerolepidotua. (After 1 raquair) 


There is likewise a curious feature of the skull bones and scales which is 
observable both m crossoptrrygians and early dipnoans in that there is an 
alternate deposition and resorption of the outer layer of cosmine during the 
life of the individual fish. As much of the detailed classification of the 
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prossopterygii has been based on the structure of the scales, the recognition 
of this phenomenon 1 is likely on fuller investigation to alter considerably the 
current views on the composition of the order, which is at present divided 
into four families, the Osteolepidee (i Osteolepis (Fig. 260), Mcgcdichthys, 



FlO. 2f)i. -Dtploptaax traillL Ang. angular; ( In. drithrum ; D . denUry ; D. Spk. dermo- 
sphenotic; £.‘4/. L. U*t. M. or £. cxtiascapulars ; J'i frontal, Cu. gular; 1.1 . intertemporal; 
ju. jugal; La. lachrymal; Laf. Gu. lateral gulars; Md. mandible; M. Gu. median gular; Mx. 
maxilla; Na. nasal; Op. opercular; Pa. p,metal; P. Cu. principal gular; P.O. post-orbital; 
P. Op. pre^opcrcular; P. Ros. post-rostral; 1\ sp. pust-splemal; (Hi. J. quadrato-jugal; 5 . Ang. 
sur-angular; S. 0. supraorbital; 5 . op. aub-opcrcular; Sp.s plenial; Sq squamosal; 5 . 2 '. supra- 
temporal; n. external nostril; p. pineal foramen. (After West oil.) 

Thursius, etc.]. The Rhizodontid.x ( Kusihenopteron, Rhizodus, Sauripterus, 
Glyptopomus, Diplopterax (Fig. 261), etc). The Urosthoneidae ( Urosthenes) and 
the Holoptychiidsc ( Holopiychins ) (Fig. 2U2), Glyptolepis. 


Order Actinistia. 

The Actinistia, represented by the single family of the Coelacanthidae, are 
a side-line of the Choanichthycs, ranging from the Upper Devonian to the 
present day. With the same general organisation of skull and scale 

1 T. S. WestoLl, Geological Magasitu, April 1936. 
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structure as the Hhipidistia, the group acquired some very definite specialists 
tions of j£s own, the structure of the fins and tail and the peculiar feature of 
an ossified air-bladder bemg highly characteristic. The paired find have the 
appearance, superficially at least, of actinopterygium. There is a short, 
blunt and scale-coveied lobe around which the fin-rays are attached as a fan. 
There is, however, an internil skeleton, which consists of a single basal piece 
attached to the shoulder-girdle, which is followed by a few axial pieces around 
which the fin-rays are arranged, so that the fin appears to be essentially 
mesorhachic or arclupterygial. The pelvic fin in some of the later forms 
(e.g., Laugia) has moved forwards and become attached to the pectoral girdle, 



Fig 262—Holoptyehio# flemingL 4 ng angular: Ckt rkitlirum 2 ) dentary D, Sph 
drnnospbenotii L\t L Lxt Jlf or/ txtrascapularb, I > frontal, Gm gular, f J inter¬ 
temporal , Ju jugal, La lachnmdl, Lat G u lalcial gulnrs, Md mandible M. Gw median 
gular, Mx maxilla, Xa nasal Op opercular, Pa parietal; P Gw pruu ipal gular P {) 
post-orbital; P Op pre* opercular, P Ros post rostral, P sp post splcmal Qu /. quadrato- 
jugal, 5 Ang bur-angular, S O supra-orbital, {>, op sul> opercular, Sp, splemal Sq squam¬ 
osal (double in Holoptychms), & J supra temporal, n external nostril, P pmc il foramen 
A additional check bones in Holopt>rhius (After AVestoll) 


just as in the later acanthoptcrygian teleosts, a case of convergence. Of the 
two dorsal fins the anterioi is supported by a bony plate, the posterior by a 
bony structure not unlike that of the pectoral fin Ihe tail is diphycercal, 
with a small central projecting lobe, and the lin-rays aic attached each one 
singly to a dorsal or ventral spine ot a vertebra, which is anotlici point of 
convergence with the later telcosts. The vertebral column, apart from the 
spines, is unossihed and the notochord is unconstricted 

The skull, while showing a number of specialisations, us like that of the 
Hhipidistia in having the hinge on the dorsal surface between the parietals 
and frontals. This feature, together with the traces of cosmoid covering 
of the bones and scales, is good evidence of the common ancestry of the 
two orders. While these sheets were going through the press the surprising 
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nefws arrived of the discovery of a still living species of Ccelacanth. Only the 
skin has been preserved, but in all the external features this specimen, laiimria 
cHalmma, closely resembles Macropomp and Undtna. 



Pig. 264. — Lattmeria nHalnmnm- A living Ccelacanth. The anew points to the opening of 
the spiracle. (By courtesy of Dr. J. L. B. Smith.) 


It was' found ^h 4 ° fathoms off East London, South Africa, and will be 
described by Dr. J. L. B. Smith in the Transactions d$uie Royal Society of 
South Africa. Rej&esentative examples are Ccelacattihus, Undtna (Fig. 263), 
Macropoma, ZjMgtfifetic„ and the living Latimeria (Fig. 264). 
voi. n,j&. 


u 
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Sub-daw Dipnoi (Dipneustl Dlpneumonw). 

The third order of Choanichthyes, the Dipnoi, still has a few living 
representatives in the “ Lung-fishes Ceratodus, the " Burnett Salmon ” 

of Queensland, Protopiems of Africa and Leptdosiren of South America. The 
name of the order, given before the structure of the extinct types was fully 
known, refeis to the two nostrils which are a feature of the Choanata as a 
whole. A study of the living members throws considerable light on the 
probable anatomy of the soft parts of the extinct forms. Not only do these 
animals breathe by means of gills, like ordinary Fishes, but they have a 
highly-developed apparatus for the respiration of air—a lung or lungs—with 
an arrangement of the circulation co-ordinated with this, such as in other 
groups is indicated only in Polypterub and Anna. They have bony scales and 
dermal fin-rays, but the paired hns, unlike those of any other Fishes, with the 
exception of certain extinct Ohomlrichthyes and ('nossopterygians, are con¬ 
structed on the biscrial type (" archiptciygium," see p 79). 

With some special features ol their own the Dipnoi combine characteristics 
in which they re semble now one, now anothei, of the other groups of fishes, 
together with a few in which they approach the next Class Trf vertebrates to 
be_dealt with, viz l the Amphibia and even the Tughcr vertebrates. The 
brain and the heart are mute peculiar: the former in ltsundivided. or* alm ost 
undivided, mid-bnun ,_the latter in its p artially divided atrium t and sjjiially- 
twistedco nus . lhe palhum oi the cerebral hemispheres in the Dipneumona 
with fts iayers of neive-cells has no parallel among the lower Vertebrates. 

The order, of which the first genus and sjiecics Dtpitrus Valen cienne sj 
(Figs. 265 A, 266) occurs in the MifhlleJJp.vnnian. is as early*asany of the bony 
fishes. It was never*'a Targe* one, but a succession of genera is known which 
leads" without difficulty to the modem species A number of characters is 
common to all members of the older. 1 he inter nal nostril, cosmine covering 
of thc_ bones and scale* and the rpesorhachic fj^shqw_ tjiat. the Dipnoi 
evolved originally from an ancestor in common with the other Choanichthyes” 
The autostylic jaw suspension and characteristic pattern of the teeth axe 
peculiar to _the’order. _ During the long history' of the group its component 
members, while returning all the essential anatomical features, show a gradual 
degeneration of ceitain parts, notably m the bones of the skull and a loss of 
cosmine and an alteration from the normal two doisal fins and hcterocercal 
tail to the almost eel-like body of the latest member, Lefndo biren, with its 
fu sed dorsal fins, gephyiqcercaj _tail, thread-like paired limb”‘ancTreduce^ 
scales (Fig. 267) 

DipUrus valenciewmpi, the most primitive form, has a body covered with 
stout cydoid scales covered, as arc the bones of the head, with cosmine. The 
archipterygial paired fins are moderately long, theie are two small dorsal fins, 
a heterocercal tail with a small epichordal lobe and an anal fin. The skull 
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(Fig. 266) is completely roofed in by bones so numerous that their homologies, 
especially of those in the front region, with the head bones of other fishes are 
difficult to make out. There are no premaxilla: or maxillae, and the bones 
of the palate are firmly fixed to the neurocranium to produce the autosystylic 
condition. There is a double series of gular bones between the rami of the 
lower jaws. The upper teeth are borne on the vomers and palato-pterygoids, 
the former small, the latter a larger series of tubercles arranged as a pair of 




fans. These palatal teeth eventually in later forms fuse into the characteristic 
tooth plates. A single pair of tooth-plates ot correspon ding pattern arc 
carried on the lower jaws by the splenials (Jigs. 2 (t(t, D, E). 

Dipterus shows an interesting feature in the life-history of its individual 
specimens. Originally there were described two species of the genus, D. 
piatycephalus and 7 ). valenciennesi, both found preserved in the same horizons. 
The specific differences between the two lay in the fact that D. piatycephalus 
had a completely bony snout, and the tones of the head and the are 
covered by a thick, smooth and finely pitted outer layer of cosmine, which 
hides the underlying pattern of the scales, whereas D. valenciennesi has the front 
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part of the snout without bone and the scales lack the outer layer, so that the 
pattern is clearly visible (Fig. 266, a). It now appears that these apparently 
different conditions are to be explained as seasonal differo^ r es of a afa gU 
species (D. valenciennesi). At recurring intervals during the life of the fish 
the outer layer of cosminc is resorbed to allow of growth to take place and is 
then redeposited. Specimens have been found in the intermediate condition 
(see T. S. Westoll, lot. cit., p. 287). This phenomenon is known to occur in 
other Choanichthyes, and may prove to be a widespread occurrence in the 
class and to have a material effect on our ideas of classification. 

Representative genera of Dipnoi arc Dipterus (Middle Devonian), Petti- 
landia, Phaneropleuron, Scaumenacia (Upper Devonian), Uronemus (Lower 
Carboniferous), Conchopoma (Lower Permian), He nodus, Sagenodus (Carbon¬ 
iferous and Permian). Of the living forms Ceratodus is known from the 
Triassic onwards and Protopteru s from the Miocene. 

1. Example of the Sub-class - Epiceratodus (Ceratodus, Neoceratodus) forsteri. 

The Ceratodus or " Burnett Salmon ” (Fig. 268) is the largest of the 
Dipnoi, attaining a length sometimes of 4 or 5 feet. It occurs at the present 
day only in the Bumctt and Mary Rivers in Queensland, but fossil teeth 1 
referred to the same or nearly related genera have been found in abundance 
in Pakeozoic and Mesozoic beds in Europe, America, the East Indies, Africa, 
and Australia. < cratodm forsteri lives in still pools in which the water in the 
dry season becomes extremely stagnant and overladen with decomposing 
vegetable matter; and at that -reason it is only by rising to the surface 
occasionally, and taking air into its lung, that it is enabled to obtain sufficient 
oxygen for purposes ol respiration. Its food consists of such small animals 
as live among the water-plants and decaying leaves, and in order to obtain a 
sufficient amount of such food, if swallows relatively large quantities of 
vegetable matter, which passes with little or no alteration through its enteric 
canal. Its movements arc lor the most part very sluggish, and are chiefly 
effected by the agency of the tail-hn. The paired fins are employed in steering 
and balancing and in the ascending and descending movements: owing to 
their great flexibility they are entirely incapable ol supporting the body when 
the fish is removed from the water, but the pectoral fins may be employed 
as props when it lies in a resting condition at the bottom. 

Hrfaifiifl Characters.—The body is fish-like with a diphycercal caudal 
fin. The surface is covered with thin, bony, imbricated cycloid scales, 
very large on the head and trunk, somewhat smaller towards the tail end, 
and very much Mnaiw over the fins and the posterior part of the operculum. 

The limbs have a characteristic shape, being in the form of two pairs of 

1 The fn«V of the teeth into a Urge and a small pair of plates in the upper jaw and a pair in 
the lower is characteristic of the group from the earliest period. 
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elongated, teaf-like^ pointed paddles. The marginal parts of the paired fins 
and the whole extent of the unpaired or caudal fin are supported by a double 



series of slender fibre-like unjointed, partly ossified, dermal rays (camptotnchia), 
which are much more numerous than the endoskeletal rays and which are 
covered by small surface-scales. 
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The mouth is situated 011 the ventral surface of the head, close to the 
anterior extremity of the snout. The external nares differ from those of 
other Vertebrates in being situated immediately outside the aperture of the 
mouth, enclosed within the upper lip. A pair of internal nares opens not far 
behind them into the anterior part ot the mouth-cavity. At the root of the 
tail is the cloacal aperture with an abdominal pore on either side of it. There 
is an operculum similar to that of the bony hshes, with a single slit-like 
branchial aperture behind it. There arc no spiracles. There is a well-marked 
lateral line. 

findoskeletoiL —The sphtal column (Fig. 261)) is represented by a persistent 
notochord, enclosed in a thick hbrous sheath, together with neural and 
haemal arches. 



Fig. 269- -Geratodui fontexi. Initc1.1l view of the anterior portion of the skeleton. A 
anterior median investing bone of the roof 0/ the skull, 7 f, postenoi median investing bone; C, 
inner lateral investing bone has. bas.il cartilage ol the pci toi.il hn, hr brant Inal arches, dent. 
tooth of lower jaw , hy hyoid an li; uit interopen ulum . lam plate overhanging branchial region; 
mch. Meckel's taitilagc, ocl rh ociipit.il nb, op open nl ini pal palatoquadratc pet. pectoral 
arch, rbs.ribs, sub mb sub orbital bones *./ so railed squnmosal supra sr post temporal. 


A series of neural or basidorsal cartilages form the bases of the neural 
arches, and haemal or basiventral cartilages are similarly related below to a 
scries of pleural ribs in the prcraudal region, and to a series of haemal arches 
in the caudal. These two sets of basal cartilages are not precisely opposite 
throughout, and regularly alternate lor some distance in fiont. They are 
embedded in the sheath of the notochord, but no centra are lormed, and the 
notochord, though pressed upon above and lie low hy the series of basal 
cartilages, is not constricted in the usual annular manner. At the posterior 
end it becomes surrounded by cartilage. The neural and haemal arches are 
ossified; each is surmounted hy a rod-like neuial or haunal spine which forms 
part oi a continuous three-jointed ossified rod, the proximal segment being 
the spine, and the two olliers radials. The pleural ribs are curved bony rods 
extending downwards and somewhat backwards in the body-wall immediately 
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outside the peritoneal membrane, like the pleural ribs of the bony 
The first pair—the occipital ribs—{Fig. 369, occ. rb.), thicker and straighter 
than the rest, are connected with the skull in its vertebral portion. 

The skull (Figs. 369, 270, and 271) consists of an undivided mass of 
cartilage, devoid of fontanelles, narrowest between the orbits, and broadening 
before and behind; posteriorly it i& prolonged into a plate {lam.) overhanging 
the branchial region. Embedded in the cartilage of the posterior part axe a 
pair of small replacing bones which appear to represent the most anterior of 
the spinal dements fused with the skull On the upper surface are two 



riG 270— Ceratodui fonten. Dorsal \iew tic 271 — Gentodui tooted, 

of the skull A, ante nor median investing Ventral view of the skull c ocnpi 

bone, M articular surface for second tin ray Lai 11b <1, palatine teeth, d', 

B, posterior median investing bom ( inner vomeniu teeth, we anterior and 

lateral investing bone lab labial cartilages postenm nates, P palatine region 

lam process pro lotting over gills op oper of palatoptcrygoid, P bph para- 

culnm, pr o>o pre orbital process of thondrn sphtnoid. Pi pterygoid, Qu quad 

cranium, »b or sub orbital bones tq outer rate region, Vo vomer (Ftimii 

lateral investing bone (After Hinli y) Dean, after t.unther) 

unpaired [A and B) and four paired (f and s q ) investing bones, the homologies 
of all of which are undetermined. PremaxiUse, maxillae, and nasals are absent 
On the ventral surface is a large investing bone (Fig 271, P.Sph) representing 
the parasphenoid of the teleosls In front is a pair of small upper labial 
or nasal cartilages. A palatoquadratc cartilage (Fig 269, pal), iumly fivwH 
to the side-wall of the cranium, gives attachment to the mandible, so that 
the skull is autostylic; the quadrate element is distinct in the larva and 
independently developed. In front the palatoquadrate contains a palato- 
pterygoid ossification which forms the support for the large uunposite tooth 
of the upper jaw. The mandible consists of Meckel's cartilage with an angular 
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bone behind, and a large splenial, which bears the tooth, in front. The 
dent&ry is vestigiaL The hyomandibular is only represented by a small 
vestige. Opercular [op.) and interopercular (tnt.) bones support the operculum. 
The hyoid (Ay.) and branchial arches (6r.) are cartilaginous. Of the latter, 
four are completely developed, and a fifth is represented by a vestige. There 
are no branchial rays, but the branchial arches bear a series of gill-rakers with 
cartilaginous supports. 

The pectoral arch (Fig. 269, pci.) is a stout cartilage with two pairs of 
investing bones, the clavicles on the coracoid, and the cleithra on the scapular 
regions. The latter are connected with the skull by post-temponds. The 
skeleton of the pectoral fin consists of a stout basal cartilage (bos.), an 
elongated, tapering, central axis made up of a number of short cartilaginous 
segments, and two rows of jointed cartilaginous rays extending out on either 




Fig. 272 -Oentodni fonteri. Felvn diih and skeleton of pelvic Jin (Alter Gunther.) 


side of the axis so as to support the middle part of the expanse of the fin. 
The pelvic arch is a single cartilage, produced iorwards into an elongated 
rod-like epipubic process, (Fig. 272). The skeleton of the pelvic fin is similar 
to that of the pectoral. 

Digestive Organs.— The teeth (Fig. 271) are of a remarkable and characteristic 
shape. There arc two pairs of large compound teeth of similar character, one 
pair (the palatine, d) on the roof of the mouth (palatopterygoid bone) and the 
other ( splenial) on the lower jaw. Each is a curved plate with the convex 
border, which is directed inwards and somewhat backwards, entire; while 
the concave border presents a series of six or seven vertical, ridge-like pro¬ 
jections or cusps. In addition to these, there are, in front of the palatine 
pair, a pair of much smaller, simple, somewhat chisel-like vomerine-teeth, [d') 
placed close together and directed vertically. In the embryo each tooth is 
represented by a number of separate denticles which subsequently coalesce. 

In the enteric canal the chief feature of special interest is the presence, 
throughout the length of the intestine, of a spiral valve similar to that of the 
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Elasmobranchs anti " Ganoids." The rectum opens into a small cloaca. A 
pair of abdominal pores open just behind this. 

Organs of Respiration. —Ceratoius combines aquatic respiration by means 
of gills similar to those of ordinary fishes, with aPrial respiration by means of 

along. ~ ... 

~ There are four pairs of gills, each consisting of a double row of gill- 
filaments supported on the branchial arches. A rudimentary hyoidean gill or 
pseudobranch is present as well. The lung (Fig. 273) is an elongated median 
sac connected by a pneumatic duct with a muscular chamber or vestibule 

opening into the oesophagus on its ventral side by a 
slit-like aperture or glottis. The internal surface of 
the lung is sacculated, and a regularly-arranged series 
of blind pouches opens out of the main central cavity. 
This lung of ( eratodus corresponds morphologically to 
the air-bladder of Ganoids and Teleosts, but differs 
from it in its blood-supply and consequently m its 
function, being supplied with blood by a special paired 
pulmonary artery (as is also the cast* in Polyptcrus) 
and acting as an important organ of respiration. 

Blood-Vascular System. —Co-ordinated with the 
existence of a lung and distinct pulmonary circulation, 
is a complication in the structure of the heart. The 
sinus venosus is imperfectly divided into two parts, 
and the cavity of the atrium is divided into two by 
an incomplete septum in the form of a ridge. The 
venous blood enters the right-hand division of the 
sinus venosus and passes thence through the right- 
hand division of the atrium to the ventricle; the 
pulmonary vein, by which the blood is returned from 
the lung, passes through the sinus, and its blood 
reaches the ventricle through the left-hand division of 
the atrium. There are no atrio-ventricular valves 
guarding the opening between the atrium and the ventricle. A contractile 
conus arteriosus is present, and has a remarkable spirally-twisted form; in its 
interior are four longitudinal rows of valves, one of which is modified to form 
an incomplete longitudinal septum. The rhannel on the left side of this 
septum, which receives the blood of the pulmonary vein, is in communication 
in front with the first two aortic arches (afferent branchials), that on the 
right with the last two. 

The blood-vessels (Fig. 274) present an arrrangement which is intermediate 
in some respects between that which has been already described as observable 
in the Chondrichthycs and that which will be found to characterise the 
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Amphibia Hie fan .liferent biancln.il ailcucs (a#) take then origin dose 
together, immediately in fiont of the conus, so that a ventral aorta ran hardly 
be said to exist, Each branchial null lias two ellerent branchial arteries A 
hyoid artery (hy. art.) is connected with the most antciior of these. The eight 
efferent vessels mute in pans to foiin four epibraiuhial arteiies [efit ) The 
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pondrng trunk of the opposite side to lorm the median dot sal aorta [d a) 
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(/. post. car. and r post tar) and fiom the liyoidcan aitenes (2 ant cat and 
r. ant. car.), and the lattei also gives off a lingual artery to the tongue. From 
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the last (fourth) epibianchi.il artery arises the pulmonary artery ( l. pul, art. 
and r. pul. art.), carrying blood to the lung. 

There are two precavals or duettis Cuvieri (d. c.), as in the Dogfish (p. 189). 
The right is formed by the union of jugular (l. jug. v, and r. jug. ».), brachial 
(l. br. v. and r. hr. v.), and subscapular veins (l.sc. v. and r. sc. «.). The left 
receives in addition a left cardinal vein {l. post card.). A large lateral cutaneous 

vein, running superficially along the side of the body, 
opens into the sub-scapular. 

A large postcaval vein (». v. c.) brings back the 
greater portion of the blood from the posterior parts 
of the body; it is situated somewhat to the right of 
the middle line, and opens into the sinus venosus 
between the two hepatic veins. A postcaval occurs in 
the Dipnoi alone amongst fishes, but is universal in 
all the higher classes. Posteriorly the cardinal and 
the post-caval arc formed by the bifurcation of a 
median caudal vein ; close to its origin each receives 
the efferent renal veins bringing back the blood from the 
kidney. The blood from the pelvic fin is brought back 
by an iliac vein which divides into two branches— 
pelvic and renal portal The foimcr, running forwards 
and inwards, unites mesially with the coiresponding 
vessel of the opposite side to foim a median abdominal 
vein —a vessel universal in the Amphibia, and perhaps 
corresponding to the lateral veins of theChondru hthyes, 
it opens into the smus venosus '1 he other branch— 
the renal portal vein—after receiving tributanes from 
the posterior region of the body passes to the corre¬ 
sponding kidney. 1 

Brain.—The whole brain (Fig. 275) is enclosed m 
a tough and thick membrane, which becomes glandular 
in two positions—on the roof of the diaccele, and on that 
of the metacoele. In the former position this glandular 
development of the enclosing membrane, or choroid plexus, passes downwards 
into the diaccele and is developed mto a spongy mass which is prolonged 
forwards to the anterior end of the prosencephalon. The prosencephalon 
{pros.) presents two elongated hcmispheics, which are completely separated 
except posteriorly, where they are united by a narrow commissure, The 
contained cavity is divided into two by the prolongation of the choroid plexus 
already referred to The nervous wall of the hemisphere {pallium) is very 

1 How far this arrangement combiner Fish like and Amphibian characters will be best 
understood at a later stage 
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Hub and is incomplete dors ally and internally: basally it forms a massive 
tuberculum olfactoriutn from which the olfartory nerve-fibres are derived. 
There is a pair of large olfactory lobes (rh.), each with its cavity, and each 
prolonged into an olfactory peduncular tract, which ends in front in an 
olfactory bulb in close apposition with the nasal capsule. 

The pineal body is situated on the summit of a conical membranous cap 
on the roof of the third ventricle. The infundibulum develops a pair of lobi 
inferiores. The mesencephalon (meso.) is bilobed, but the division is not 
strongly pronounced. The cerebellum (cW.) is very small, being little more 
than a transverse bridge of nerve-matter over the anterior end of the fourth 
ventricle. The medulla, (ed.) is of relatively large size. 

Urinogenltal Organs. —The kidneys are short, being confined to the posterior 
portion of the body-cavity, and are firmly attached to the ovaries or testes. 
Each has a thick-wallcd duct which joins its fellow, the passages, however, 
re ma i n i ng distinct to near the opening into the urinogenital division of the 
cloaca, when the right opens into the left. 

There are two elongated ovaries (Fig. 276, l. ov., r. ov.), which remain 
distinct throughout. The oviducts (l. ovd. and r. ovd.) are a pair of thick- 
walled, greatly convoluted tubes which extend along the whole length of the 
body-cavity, into which they open in front {civi. ap.) \ posteriorly they coalesce 
immediately before opening into the cloaca. The testes are long, compressed 
bodies which remain distinct from one another throughout their length. The 
efferent ducts from the testes oj>cn into certain of the tubules of the meso¬ 
nephros, and the sperms are thus enabled to pass out tlu'ough the mesonephric 
duct. The Mullerian ducts in the male are remarkably well-developed. 

In the early stages of its development (Fig. 277) Ceratodus exhibits 
resemblances, on the one hand, to Pciromyzoti (p. 144), and on the other to 
the next class to be studied—the Amphibia. The ova become enclosed, while 
passing down the oviduct, in a gelatinous envelope which swells up con¬ 
siderably when it comes in contact with the water. At what stage fertilisation 
takes place is not exactly known. Cleavage is complete and unequal, and 
results in the formation of a lens-sliaped blaslula (d) with smaller cells on one 
of the convex surfaces (the future dorsal), and larger on the other (the future 
ventral). A blastopore (bl. p.) first appears on the dorsal surface as a short 
transverse slit, which grows into a semicircle (B) or a horse-shoe. The free 
ends of this grow in towards one another and unite to enclos' 1 an irregularly 
circular or elliptical space filled in by a mass of large cells—the yolh-plug (C, 
yk. pi.). Soon, however, this wide aperture becomes narrowed to a small 
longitudinal slit, the lips of the anterior part of wliich then unite, only the 
most posterior part remaining open ( D) and subsequently giving rise to the 
anus. A narrow medullary groove {K, blp. strf.) appears .along the doisal 
surface, and a pair of medullary lolds arc seen at the sides of the blastopore 
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(E) and ate coalescent in front of it. From the medullary folds and the 
groove between them the nenrocoele, and subsequently the entire nervous 
system, are developed as in Craniata in general (see pp. 95 sqq.). The portion 
of the blastoderm destined to give rise to the embryo becomes to a slight 
extent folded off from the rest, which forms an ill-defined rounded mass, or 
yolk-sac, to be subsequently absorbed as development proceeds. 



<s< 


Fin. 277 - -Geratodcs tonteri. Stages in the development. A, lens shaped blastula, B. 
stage with semitucular blastopore (ft/ p ), I, later stages in uhic.li the blastopore (W p ) has 
taken the form nl .1 ring like groose enclosing the yolk-plug (iM pi ), D, stage in which the 
narrow medullary gioove (Alp \i it i has appeared with the rudiment of the medullary fokls [turd ), 
J , stage in whnh tlie medullary lolds [med ) have become well developed. Jr, later stage with 
well formed head with two visceral auhes (iw ' and luiliments of eye [eye] nndeai (aud ); prou 
mesonephtos (After Scmon) 


2. DlSlIhCllVE ( HAKAt IhKS AND t LASSI1ICATION. 

'Hie Dipnoi arc Pisces in which the notochord is jiersistent, there are no 
vertebral centra, and the primary cranium jKTsists witii little ossification, but 
has added to it a number of investing bones. The skull is autostylic, the 
lower jaw articulating with a palatoquadrati* process which is immovably 
fixed to each side of the skull There are four to si\ cattilaginous branchial 
arches. The dermal fin-rays are slender more or less ossified fibres, and are 
supported by numerous cartilaginous or ossified pterygiophores. The caudal 
fin is diphycercol. The paired fins are of the character of " archiptcrygia." 
The pectoral arch is a single cartilage with a pair of superficial investing bones 
on each side. The pelvic arch is well-developed and cartilaginous. There 
arc gills attached to the branchial arches, and in addition a single or double 
lung opening into the oesophagus by a ventral aperture. The gills are covered 
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over by an operculum. There is a demud skeleton in the form of overlapping 
cycloid scales. There is a distinct cloaca. The intestine oontains a spiral 
valve. The atrium and the sinus venosus are each imperfectly divided into 

two parts. There is a contractile conus 



arteriosus, which has a spirally-twisted form, 
and is partly or completely divided internally 
by a longitudinal septum. The afferent 
branchial vessels take their origin close 
together immediately in front of the conus. 
A pulmonary artery is given off from the 
afferent branchial system on either side; a 
pulmonary vein opens into the left division 
of the auricle. The optic nerves form a 
chiasma. The oviducts open anteriorly into 
the coelome. The ova are of moderate size; 
segmentation is entire. 

The recent Dipnoi are classified as 
follows:— 

Order i.—Monopneumona. 

Dipnoi in which the lung is single, and 
the lateral jointed rays of the " archiptery- 
gium ” are well developed. 

This order comprises only the Australian 
Ceratodus (Fig. 268). 

Order 2- Dipneumoha. 

Dipnoi in which the lung is double, 
and the lateral rays of the “ areliiptery- 
gium ** are vestigial or absent. 

This order includes Proioplerus (Fig. 278) 
of Tropical Africa, and Lepidosiren of South 
America (Fig. 2**7). 

General Remarks. 

The three genera of living Dipnoi are 


closely allied in all the most essential 


features of their structure, and it will only be necessary now to mention the 


principal points in which Ptotoptems and Lepidosiren differ from Cefatodus, 
The limbs (Fig. 278) are long and very narrow, and the limb-skdeton is 
correspondingly modified, consisting of a slender, jointed axis without, or 
with only vestiges of, the lateral rows of rays. A blind dorsal diverticulum of 
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;d<BrjviHj. develt^mentally froin l uriripgenital sinu^, is present, 
ftnd perhaps corresponds to the sperm-sacs of the Cfiondrichthyes. There are 
two tog§ # the ahterior portions of which are united to fortn a median chamber, 
to which the presence of numerous trabecula gives a spongy character: There 
are five (or six) teduced rod-Hke branchial arches, of which the last three hear 
the internal gUls; in addition there is a series of external gills in the larva, 
vestiges of which persist in the adult Protopterus (Fig. 279, K). In the males 



Fig. 279*—Protoptemi. Skull, shoulder-girdle, and skeleton of fore-limb. A A 1 , splenial; 
AF, pre-orbital process; a and b (on lower jaw), and S.L. teeth ; 6 , basal'cartilage of pectoral 
fin; B, ligamentous band connecting the mandible with the hyoid ; co. ligamentous band connect¬ 
ing the dorsal end of the pectoral arch with the skull; D, angular; FP, frontoparietal; Hi, 
membranous fenestra perforated by the foramen for the optic nerve (Jf); Hy. hyoid K , external 
gills; Kn, Kn \ cartilage of the pectoral arch KR, occipital rib; LK and MK, investing bones 
of the pectoral arch; NK, olfactory capsule Ob, auditory capsule; Occ. aupra-occipital; Op. 
and Op 1 , rudimentary opercular bones; PQ. palatoquadrate; Psp. PspK spinous processes of the 
anterior vertebra; SB supra-ethinoid bone; SK, roofing investing bones; Tr. palatoquadrate 
cartilage; WW l , anterior vertebras coalescest with the skull; I — V, branchial arches (that 
marked I is forked and the anterior bar may represent the first, in which case there axe six branchial 
1 arches); 1,2,3, segments of axis of pectoral fin; * *, vestigial lateral rays of pectoral fin. (From 
Wiederueim.) 

of Lepidosiren, vascular filaments, which may be accessory respiratory organs, 
are- developed on the paired fins during the breeding season. The conus 
arteriosus is completely divided by a longitudinal septum. The pulmonary 
artery is given off from the point of union of the cpibranchial arteries into a 
aingU. lateral trunk. In Protopterus there is usually a single abdominal pore 
Opening on the dorsal wall of the cloaca; this leads into a cavity into which 
the true abdominal pores, which are very minute, lead. In Lepidosiren 
abdominal pores are absent. 

The brain in both Lepidosiren and Protopterus, as well as in Ceraiodus, 
differs from that of fishes in general, and resembles that of Amphibia 
V0L11. . x 




ZOOLOGY 


306 

in tlic presence of long and leUtivcly nairow mcbrjl hemispheres. 
In the two former these have a pallium or nervous roof with a 
stratified layer of nerve-cells. In all the Dipnoi the part of the hemisphere 
(olfactory lobe and tuberculum) from which the olfactory nerve-fibres pass to 
the bulbus olfactorius is of relatively large size, but smaller in Protopterus and 
Lepidosiren. In Protopterus and Lepidosiren the olfactory tract is not dis¬ 
tinguishable, bulbus and lobus being in immediate apposition instead of being 
widely separated as they are in Ceratodus. In both these genera the dorsal 
part of the mid-brain is undivided. In both genera the kidneys are relatively 
more elongated than in Ceratodus ; in Protopterus the posterior portions are 
fused together; in Lepidosiren they remain separate throughout. In both 
genera the elongated testes are distinguishable into two regions—an anterior 
longer, sperm-producing part, and a posterior shorter part which serves as a 
duct and a vesicula seminalis. in Lepidosiren about six vasa efferentia arise 
from this posterior region and enter the Malpighian capsules of the meso¬ 
nephros : in Protopterus there is only a single vas efferens. The ducts of the 
two kidneys open by a single aperture (Protopterus) or two separate apertures 
on the summit of a urinogenital papilla into the cloaca at the base of the 
cloacal caecum referred to above. Many of the cellular elements, such as the 
blood-corpuscles, are of comparatively large size. There is holoblastic, but 
unequal, segmentation, as in Ceratodus, followed by a true invagination. A 
pair of medullary’ folds are developed, and between them is formed a median 
solid ectodermal keel in which a neurocoele only appears subsequently. The 
larva has well-developed external gills. 

CLASS AMPHIBIA. 

The Amphibia, the first vertebrates to become adapted to life on land, 
may be distinguished from the choanatc fishes, their predecessors, by their 
pentadactyle limbs, by the absence of fin-rays in the unpaired fins when these 
are present and by the presence of a middle ear (see page 327). 

The class includes the frogs and toads, newts and salamanders the wonn- 
like Apoda and a number of extinct orders which arc for convenience grouped 
together as the Stcgocephalia. 

Typically the amphibia breathe by means ot external gills in the larval 
stage and by longs when adult, but the gills are retained by the adults of some 
Urodeles, and the skin, which is usually naked, may play an important 
part in assisting respiration. Some modern amphibia, in fact, have lost both 
gills and lungs, and depend entirely for respiration on the skin and bucco¬ 
pharyngeal cavity. 

The skull is autosystylic (page 73), and the free hyomandibula has been 
converted into a columeUa auris, which lies in the upper part of the spiracle 
between the inner ear and the tympanic membrane stretched on the outer 
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part of the skull In dll but <1 few of the early forms there is an opening in the 
side of the ear capsule, the fenestra ovahs, through which the columella auns 
conveys sound-vibrations to the inner car 

A number of points should be noted with itgard to the skeleton Ihe 
skull lias become movably attached to the vertebral column by means of either 
one, or two, condyles, an interclavicle soon became added to the shoulder- 
girdle of the early f01 ins to brace the two halves together, aud the pelvis 
became attached to the vertebral column, typically by a single sacral veitebra 
In all modem forms there are only ten intracranial ncivcs, but some ot the 
btegocephalid had twelve 



1 n Bus temporana (1 tom Mivart) 

I Lx \M 1 > 1 1 01 III1 ( 1 VSS 1 - Iiil ( OMM0N I ROC* [Rillta 
Umporana) or nil Ldibli< Iroc. ( liana t sutlenta) 

Ram timpotana is the common Thitish species ol ] iog, found in ponds aud 
damp situations all ova the counliy, and occurring also in America, 
R esmlenia is the large green edible Frog found on the continent of Europe and 
occasionally in England, R pipicns is the commonest Noith American species 
of the genus Othei species of the s une genus occur in all parts of the world 
except New Zealand, the southern put of South America, and the vauous 
oceanic islands 

1 It his long been the custom to use the in ^ is m tit uitutnv t) pc in the stuil> c f seitebrate 
morphology largely btciuw of its thundm t and iheapmss and because nf thi char demon 
stratum of many points of its intern il anatomy which are easily displayed b> nuul> opening the 
laxly cavit> Ihe student how t \ er must it disc that the Amua oie very spec i ihs&d \ erlebiate 
lhc skull is greatly modified by the reduction of several eh meats and tiu whole of the post 
cranial skeleton is pn foundly modified for jumping and is f ir remot ed from i tvpu il \ ertebratc 
condition 
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Extern*! Characters. —The trunk is short and stout, and is continued, 
without the intermediation of a neck, into the broad, depressed head. There 
is no trace of a tail, the anus being terminal. The mouth also is terminal, and 
is characterised by its extraordinary width, the gape extending considerably 
behind the eye. On the dorsal surface of the snout are the small nostrils ; 
the eyes are large and prominent, and each is provided with an upper eyelid in 
the form of a thick fold of skin; and a nictitating membrane, a much thinner fold, 
which arises from the lower margin of the eye and can be drawn up over it. 
Close behind the eye is a circular area of tensely-stretched skin, the tympanic 
membrane, a structure not met with in any fish: as we shall see, it is an 
accessory part of the auditory organ. There is no trace of branchial 
apertures. 

The back has a peculiar bend or hump, in the bitting posture, marking the 
position of the sacral vertebra, 'lhe limbs are of very unequal size. The 
fore-limbs are short, and each consists of an upper arm, which, in the ordinary 
position, is directed backwards and downwards from the shoulder-joint ■, a 
fore-arm, directed downwards and forwards from the elbow; and a hand, 
ending in four short, tapering digits, diiected forwards. The hind-limb is of 
great size; in the usual squatting posture the thigh is directed downwards, 
outwards, and forwards from the thigh-joint, the shank inwards, backwards, 
and upwards from the knee. 'Lhe foot consists of two parts: a tarsal region 
directed downwards from the heel-joint, and five long, slender digits united by 
thin folds of skin or webs. Thus the limbs are placed in such a way that the 
elbow and knee face one another, and the first digit—that of the hand 
representing the index-finger, that of the foot, the hallux or great toe—is 
turned inwards or towards the median plane of the body. 

The skin is greyish-brown in R. temporana, greenish in R. esculenia, and is 
mottled, in both species, with dark brown or black; in R. temporana there is a 
large black patch over the tympanic region. Sexual differences occur in both 
species; in R. temporaria there is a large, black, glandulai swelling on the inner 
side of the hand of the male, and in R. esculenta the male has, at each angle 
of the mouth, a. loose fold of skin, the vocal sac, which can be inflated from the 
mouth into a globular form. The skin is soft and slimy owing to the secretion 
of mucous glands; there is no trace of cxoskeleton. 

Endoskeleton.—The vertebral column (Fig. 281) is remarkable for its extreme 
shortness; it consists nf only nine yertcbig (V. 1 -V. 0 ), the last followed by a 
slender, bony rod, the urostyle (U. ST.). The second to the seventh vertebrae 
have similar characters. 'The centrum (B. cn.) is somewhat depressed and has a 
concave anterior and a convex posterior face—a form known as proccelous. 
Each half of the neural arch consists of two parts: a pillar-like pedicle (dp.) 
springing from tlic centrum and extending vertically upwards, and a flat, 
nearly horizontal lamina (lm.), forming, with its fellow, the roof of the neural 
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hiG 2&1— -Rana temporana A tlie skiUton from the dorsal aspect tlie left half of the 
shoulder-girdle and the It ft fore and hind limbs are nmoved is also are the investing bone on 
the left side of the skull Cartilaginous p irts dotted Names ( ,t replacing bones m thick, those 
of investing bones in italic capitals, other itfeiuucs in small italic s a, 1 h\ anterior romu nf 
h)oid, actb acetabulum AST. astragalus b hv basihyal, 0. calcar, CAL. calcaneum, EX. 
00. exouipital PK. femur, ton fon' fontinches I if PA . fronto p 11 1tal, HU. humerus, 
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of hyoid t PMX premaxilh PR. OT. pro otic 01 JU quadrate jugal RA.UL. radio ulna v 

SPJEZEL sphenethmoid SQ paraquadrate S.BCF. supra scapula su* suspenaonum ; TLVL 

tibio-fibula; tr pr transveise process, UBT. uiostyle, v.l, cervical vertebra VJB* sacral verte 
bra Jf> vomer, II — V t digits of hand, / the prcpollcv a sesamoid bone, 7 -l digit* of 
hind foot B, the fourth vertebra anterior face a g\$ anterior aygapophysis cn centrum, 
lm lamina, n sp. neural spine, pd pedicle, U pr tranbverseprocess (After Howes, slightly 
altered) 
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canal. When the vertekne are in position, wi<le gaps are left between successive 
pedicles; these are the intervertebral foramina, and serve for the transmission 
of the spinal nerves. The zygapophyses («. zyg.) or yoking processes are far 
better developed than in any fish; they spring from the junction of pedicle 
and lamina, the anterior zygapophysis having a distinct articular facet on its 
dorsal, the posterior on its ventral surface. Thus when the vertebrae are in 
position the posterior zygapophyses of each overlap the anterior zygapophyses 
of its immediate successor. Laterally the neural arch gives off on each side 
a large outstanding transverse process (tr. pr.) ; its crown is produced into a 
very small and inconspicuous neural spine ( n. $p.). 

The first or cervical vertebra (V. 1) has a very small centrum and no transverse 
processes. There are no anterior zygapophyses, but at the junction of centrum 
and arch occurs on each side a large oval concave facet for articulation with 
one of the condyles of the skull (vide infra). The eighth vertebra kas_ a_bicon¬ 
cave centrum; that of the ninth or sacral vertebra (V. 9) is convex in front and 
presents posteriorly a double convexity articularing with a double concavity 
on the anterior end of the urostyle. The latter (U. ST.) is formed by the 
ossification of the perichordal tube (see p. 6c)), which, in this region of the 
vertebral column, does not become segmented into vertebra. 

The skull (Figs. 281 and 282) consists of a narrow brain-case, produced 
behind into great outstanding auditory capsules, and in front into large olfactory 
capsules. The whole of the bones of the upper jaw are immovably fixed to the 
cranium, so that the only tree parts are the lower jaw and a small plate of mingled 
bone and cartilage, the hyoid apparatus, which lies in the floor of the mouth 
and is the sole representative in the skull of the entire 1 hyobranchial or gill¬ 
bearing skeleton of fishes. 

As in the Trout, a number of investing bones ran be removed from the skull 
without injury to the underlying chondroeranium. The latter, however, is 
not, as in the Trout, the primary cranium .done, but, as in the Dipnoi, the 
primary cranium plus the palatoquadratc or pi imary upper jaw. The cranium 
in the strict sense includes the brain-case and the auditory and olfactory 
capsules: the palatoquadrate (pal. qu.) is not a solid mass fused throughout 
its length with the cranium, as in the Dipnoi, but is a slender rod attached to the 
cranium at cither end, but free in the middle. It is divisible into three regions: 
a posterior quadrate-region or suspensorium (sms.), an intermediate pterygoid 
region, and an anterior palatine region. The suspensorium extends backwards, 
outwards, and downwards from the auditory region of the cranium, to which it 
is immovably united by its forked proximal end, one branch of the fork—the 
otic process (Fig. 282, ot pr.) —being fused with the auditory capsule, the other- - 
the pedicle (fed) —with the trabecular region immediately anterior to the 
auditory capside. Venlrally the suspensorium furnishes an articular facet 
for the mandible, and is connected with the delicate rod-like pterygoid region; 
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this passes forwards and joins the palatine region, which is a transverse bar 
fused at its inner end with the olfactory capsule 

The occipital region of the cranium contains only two bones' the 
exocapitals (EX. OC.), which lie one on eat h side of the foramen magnum (for 
tnag.) and meet above and below it. there is no tiace of supra- or basi-orcipital 
Below the foramen magnum are a pair of oval projections, the oct ipital condyles 
(oc cm.), furnished by the cxoccipitals and articulating with the cervical 
vertebra 

Each auditory capsule is ossified by a single bone, the pro-otic (PR. OT.), 



iKr jf\ 1 Rana temporana. Hie skull \ horn beneath with the investing bones removed 

on the Lit side (left of hguie) H from the left side with m mdtbJc and hyoid C fiom behind 
the imestinp bones removed at «ri/? a c h\ interior cornu of ]t>old and cp auditoiy capsule, 
i hy bndv of hyoid COL. loluratlld D\ J dentary EX.OC. exocupit.il foi mag f01 amen 
indgnum f ov fenestri ovahs } R PA frontn pmetal M.MCK. mento raeckelian MX. 
maxilla. A 1 nasal A 1 2, optic fm mien \t 5 7, foi a nun fm fifth and seventh nerves Ni 
r; ro, foramina for ninth and tenth nu\rs oc 11 ix 1 ipital t ondyle olf cp olf utorv capsult 
at pi nticpioccss VAT palatine pal an piJ itu quad] tie PI SPH parasplunoid p c h\. 
posterior cornu of hyoid ped ped icle PM A pt cm axilla PILOT. pi o otic PTG pler\ gold 
QU JU quadiato-jugal; SP.ETH. sphrnethmoid, S Q paraquadratc sip stapes, sus (quad) 
suspensonum (quadrate) VO vomer (Vft<r Howes slightly altered) A nnnute investing 
bone the upto ma Milan 'whuh is present above the maxilla dost to the nostril 1 not here 
r< presented 

there are no otliei ossifications of tlie auditory legion (p 313) Tn the adult the 
pio-otic fuses with the <xocc ipital it ]>rcseuts on its outer sutlace, behind the 
otic process of the suspensonum, a small apcituie, the fenestra ovalts, closed in 
the entire animal by membrane, and, when the latter is removed, leading into 
the cavity of the auditory rapsule, containing the membranous labyrinth 
In front of the auditoiy capsules a considerable part of the cianial wall is 
formed oi caitilage, and presents above a single large and a pair of small 
fonlanelles (Fig ibi.fon ,fon.'), but aiitci ioil> it is ossified by tlie s phenethmoxd, 
or gitdle-bone (SP. ETH.), a short bony tube divided by a transverse partition 
into an anterior compartment which lodges the hinder ends of tlie olfactory 
sacs, and a posterior compai tincnt which contains the olfactoiy bulbs l he 
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anterior compartment is again divided by a vertical partition which separates 
the olfactory sacs from one another, and the transverse partition is perforated 
\fx the olfactory nerves. This very peculiar and characteristic bone may be 
taken to represent meso- and ccto-ethmoids and pro- and orbito-sphenoids all 
united together. 

The olfactory capsules (Figs. 282,283, olf. cp.) have a delicate cartilaginous 
roof and floor produced into irregular processes which help to support the 
olfactory sac. They are separated from one another by a vertical plate of 
cartilage, continuous behind with the girdle-bone and representing the unossified 
part of the mesethmoid; and the anterior wall of each is produced into a little 
curved, rod-like rhinal process. The whole of the primary palatoquadrate arch 
is unossified. 

To this partly ossified chondrocranium the usual investing bones are 
applied above and below. Covering the roof of the brain-case is a single pair 
of bones, the fronto-parietals ( FK. PA.), each formed by the fusion of a frontal 
and a parietal, distinct in the young Frog. Over the olfactory capsules are 
paired triangular nasals (AM.), and applied to their ventral surfaces small 
paired vomers (VO.). On the ventral surface of the skull is a large T-shapcd 
Parasphenoid (PA. SPH.), its stem underlying the basis cranii, while its two 
arms extend outwards beneath the auditory capsules. 

In the Trout, it will be remembered, the palatine and pterygoid are replacing 
bones, formed as ossifications of the palatoquadrate cartilage. In the Frog this 
cartilage is, as we have seen, unossified, but to its ventral face two investing 
bones arc applied, a small rorl-like palatine (PAL.), and a three-rayed pterygotd 
(PTC.) having an anterior arm extending forwards to the palatine, an inner 
arm applied to the pedicle of the suspensorium, and an outer arm extending 
along the whole inner face of the suspensorium. It will thus be seen that bones 
originally preformed in cartilage may give plate to investing bones, developed 
in corresponding situations, but altogether independent of the cartilage, the 
latter remaining unossified. 

The suspensorium, as we have seen, is strengthened on its inner face by the 
outer arm of the pterygoid, externally it is similarly supported by a hammer- 
shaped investing bone, the squamosal ( SQ .). The upper jaw is formed by three 
investing bones, the small premaxtlla (PMX.) in front, then the long, narrow 
maxilla (MX.), and finally the short quadratojugal (QU. JU), which is connected 
posteriorly with the quadrate. 

The mandible contains a persistent Meckel's cartilage, as a sort of core, 
outside which are formed two bones: a long angulo-splenial on its inner face, 
and a short dentary ( DNT.) on the outer face of its distal half. The actual 
distal end of Meckel’s cartilage is ossified as a small replacing bone, the mento- 
meckelian (M. MGK.), not represented in fishes. 

The hyoid apparatus consists of a shield-shaped plate of cartilage, the 
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body of the hyoid (6. hy.), produced at its anterior angles into slender rods, the 
anterior cornua (a. c. hy.) t which curve upwards and are fused with the auditory 
capsules, and at its posterior angles into partly ossified rods, the posterior 
cornua [p. c. hy.), which extend backwards, embracing the glottis. 

Two other cranial structures remain to be noticed. External to the para- 
quadrate is a ring of cartilage, the annulus tympanicus (Fig. 295, an, lymp.), 
which supports the tympanir membrane as the frame of a tambourine supports 
the parchment. Inserted into the fenestra ovalis is a nodule of cartilage, the 
stapes (stp.), to which is attached the inner end of a small hammer-shaped 
structure, the columella (COL.), the handle of which is ossified, while its carti¬ 
laginous head, or extra-columella, is fixed to the inner surface of the tympanic 
membrane. 


& 


,«,! fit#/ 
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The comparison of the Frog’s skull with those of Fishes is facilitated by a 
study of its development. In the 

tadpole or larval Frog thpre is a ... 

cartilaginous cranium (Fig. 283) con- ^ /" 

nected on each side with a stout " \ k \ 

inverted arch, like the subocular arch C * "' 

of the Lamprey or the palatoqiudrato 

of Chiinaera or Ccratodus, and, like ,/i 

them, developed from the dorsal region 

of the mandibular arch. 'Fhe quadrate v* th * 

region (qu) of this primary upper jaw F,G Skull of Tadpole, au cp. audi- 
is well in front of the eye, the axis of , hv. waatohyai, col. coiumeiU; mrk 
tlie suspenwrium bdn R inclined fm- 

wards and the mandible very short, in of suspensonwn ; ot pi. otic pioreu.; 
correspondence with the small sue of j 

the tadpole's moutli. Hie quadrate 

is fused by its pedicle with the trabecular region, thi otic process (ot. pr.) which 
unites it with the auditory capsule being formed latei. Behind the suspon- 
sorium are distinct hyoid (c. hy.) and branchial (br. 1—4) arches supporting 
the gills by which the lad|X)le breathes. As development goes on, the axis 
of the suspensoriuin is rotated backwards, producing the wide gape of the adult, 
and the stout palatopterygoid region of the subocular arch (pal. ptg.) gradually 
assumes the slender proportions it has in the adult. The greater part of the 
hyoid arch gives rise to the anterior cornua of the adult hymd-apparatus, the 
body of which is formed from the basi-liyal and basi-branchials, and its posterior 
cornua probably from tire fourth branchial aich. The columella is developed 
independently, but may perhaps represent a pliaryngo-hyal or dorsal segment of 
the hyoid arch. The stapes i s a detached portion of the outer wall of the auditory 
capsule. Thus, with the assumption of purely aerial respiration, the complex 
branchial skeleton is reduced to a simple structure for the support of the tongue. 


Fig 2S) Skull of Tadpole, au rp. audi- 
toiv capsule; hi i- 4 , brantI illI arches; 
1 hv. ouratohyal, col. columella; inch 
Meckel's cartilage. olf. cp. olfactory capsule; 
opt for. optic lord men; or, pr. orbital! pro- 
<«“■ of suspcnsonum; ot pt. otic pioreu»; 
pul. ptg. palatn-ptorvgoid bar, qu. quadrate, 
Up. stapes. (After Marshall, slightly altered ) 
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Th e shoulder-girdle has essentially the structure already described (p. 5-9) in 
general terms as characteristic of the pentadactyle Craniata. The scaj>ula 



(Fig. 284, S., Fig. 285, scp.) is ossified, and is connected by its dorsal edge with a 
suprascapula (Fig. 281, S. SCP., Fig. 285, s. scp.) formed partly of bone, partly 
of calcified cartilage, and developed from the dorsal region of the embryonic 



Fig. 283.— Sana. Diagrammatic 
transverse section through the 
shoulder-girdle, cor. coracoid ; ep. cor, 
epicoracoid; gl, glenoid cavity ; hu. 
humerus; scp . scapula; s. scp. supra- 
scapula; v, 3, third vertebra. (From 
Parker's Practical Zoology.) 



fQ »*■ 


F1U.28G.— -Ran*esculent*. Pelvic 
girdle from the right side. G. aceta¬ 
bulum; 11 , P. ilium; Is, ischium; 
Kn, pubis. (From Wiedersheim's 
Comparative Anatomy.) 


shoulder-girdle. The coracoid (Fig. 284, Co., Fig. 285 , cor.) is also ossified, but 
the procoracoid is represented by a bar of cartilage having an investing bone, 
the clavicle [Cl.), closely applied to it. The suprascapula overlaps the anterior 
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vertebras; the coracoid and procnr,icuid arc connected vcntrally by a cartilage, 
the epicoracoid, (Fig. 284, Co. 1 , Fig. 285, cp. cor.), which is in dose contact with 
its fellow of the opposite side in the middle ventral line, so that the entire 
shoulder-girdle (Fig. 285), like that oi the Dogfish, forms a single inverted 
arch. 

Passing forwards from the anterior ends of the united epicotacoids is a 
rod of bone, the omostemum (Fig. 284, Ep.), tipped by a rounded plate ot 
cartilage, and passing backwards from their posterior ends is a similar but larger 
bony rod, the sternum (St.), also tipped by a cartilaginous plate, to which the 
name xiphisternum (Kit.) is applied. These two structures are the first indica¬ 
tion of a sternum we have yet met with, with the jwssible exception of the 
median ventral element of the shoulder-girdle of Hcptranchias. The omoster- 
nuin is developed as paired forward extensions of the cpicoracoids which 
undergo fusion: the sternum and xiphistemum ari->c as paired rods lying 
posterior to the epicorocoids, and subsequently uniting with one another. 
This sternal apparatus of the Frog (and of the Amphibia in general) differs 
development ally from the structures in the higher Vertebrates to which the 
same name is applied—the latter being formed from separated-off portions of 
embiyonic ribs (cosUtl sternum). 

The fore-limbs deviate from the typical structure (p. 80) chiefly in the 
fusion of the radius and ulna into a single . adio-ulna (Fig. 281, RA. UL.), and 
in the presence of only four complete digits with a vestigial one on the radial 
side. The last represents a sesamoid bone, and the complete digits are 
the second to the fifth of the typical hand. Six carpnls only are present, 
llic third, fourth, and fifth digits articulating with a single bone which has 
apparently risen by tlie fusion of the third, fourth, and fifth distalia and of at 
least one ccntrale. 

The pelvic girdle (Fig. 286) is veiy peculiarly modified; it resembles in 
form a Bird’s " merrythought,” consisting ol two long, curved bars articulating 
in front with the transverse processes of the saeral \erlebra (Fig. 281) and 
uniting posteriorly in an irregular vertical disr of mingled bone and cartilage 
which bears on each side a deep, hemispherical uielahtthm (G.) for the articula¬ 
tion of the thigh-bone. The curved rods are the tint ( 11 ., P.); they expand 
posteriorly and unite with one another in the median plane to lonn the dorsal 
portion of the disc and about onc-liall ot the acetabulum. The posterior 
portions of the disc and acetabulum are furnished by the rdnu (Is.), fused 
with one another in the sagittdl plane, their ventral portions by the similarly 
united pubes (Kn .). The ilium and ischium are formed of true bone, the pubis 
of calcified cartilage; the union ol the elements in the median plane is called 
the symphysis. In the larva the ilium is vertical, but during development it 
becomes lengthened and at the same time rotated backwards, thus bringing the 
articulation of the hind-limbs as far back as possible. 
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In the hiiti-limb the tibia and fibula are iused to form a single tibia-fibula 
(Fig. 281, H. FI,), and the two bones in the proximal row of the tarsus—the 
tibiale or astragalus (AST.) and the fibularc or calcaneum (CAL.)—ore greatly 
elongated and provide the leg with an additional segment. There are three 
tarsals in the distal row, one of which appears to represent the centrale, another 
the first distale, and the third the fused second and third distalia. There are 
five well-developed digits, and on the tibial side of the first Is a spur-like 
structure or calcar (c.), formed of three bones, a metatarsal and two phalanges: 
such an additional digit is called a pre-hallux. 

All the long bones of the limbs consist of the shaft, funned of true bone and 
of extremities of calcified cartilage. The distinction is a very obvious one, 
both in the freshly-prepared and in the dried skeleton. 

The muscular system lias undergone great modifications in correspondence 
with the complex movements performed by the limbs. The dorsal muscles 
of the trunk are no longer divisible into myomeres, but take the form of 
longitudinal or oblique bands (extensores dor si, etc.), lying partly above the 
vertebra, partly between the transverse processes, partly between the ilia and 
the urostyle. The ventral muscles are differentiated into a paired median 
band, the rectus abdominis (Fig. 287, ret. abd.), with longitudinal fibres, and a 
double layer of oblique fibres— obliqttus extent us (obi. ext.) and internus (obi. 
int.) —extending from the vertebral column to the recti. Both the extensor 
dorsi and the rectus abdominis are traversed at intervals by transverse bands 
of fibrous tissue, the insenptiones tcndincce. (ins. ten.), but the segments thus 
formed do not correspond with the embryonic myomeres. The right and left 
recti are united by a longitudinal band of tendon, the linea alba (l. alb.). 

The muscles of the limbs arc numerous and complex, each segment liaving 
its own set of muscles by which the various movements of which it is capable 
are performed. There are muscles passing from the trunk to the limb-girdles; 
from the trunk or the limb-girdles to the humerus and femur; from the 
humerus and femur to the radio-ulna and tibio-fibula; from the fore-arm or 
shank to the digits; and from one segment of a digit to another. For the 
most part the limb-muscles are elongated and more or less spindle-shaped, 
presenting a muscular portion or belly which passes at either end into a tendon 
of strong fibrous tissue serving to fix the muscle to the bones upon which it 
acts. The relatively fixed end of a muscle is called its origin, the relatively 
movable end its insertion, e.g. in the gastrocnemius muscle of the calf of the leg 
(gstr.) the proximal end attached to the femur is the origin, the distal end 
attached to the foot the insertion. According to their action, musdes are 
divided into flexors which bend, and extensors which straighten, one part upon 
another; adductors which draw towards, and abductors which draw away from, 
the middle line; elevators which raise, and depressors which lower, a part, such 
as the lower jaw. The names of the muscles may have reference to their 
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pa^n, Ag.Jj^rf,s (pctj' the principal muscle of the chest ; or to their 
the two-headed muscle; or to their action, ^.^r W- 
ortotheirongm and insertion, e.g. coracohmitralis. - '■ 



fiu fi 0, 2tl 7 '-8«l* ewnlanta. The muscles from the ventral aspect. On the left side frieht of 

h^ tt jLS!i?t n ? f |!^- ,Upar S ia f mu8c i e j h f' e l 56 ® 11 cut raflected t0 show the deep layer* add! 
brev. adductor brevis; add. long, adductor longue; add. mag. adductor magnus; *! deltoid ■ 

“Tins; ext. trs. extensor tarsi; FE. femur; gn. Av.genio-lmrid; gstr ii^ 
,cnemius ; *y. gl. hyoglossus; mm. ten. inscriptio tendinea; l. alb .linea alba; my. by. mvlo-hvoid • 
rfh^^ ,isi * nte ? , * s \°> l ^•“Wiquusextemus; o.st. omostemun,; p. c. %%35£ZEL 
" f ^ 0l . d . M POctoralis; petn. pectineus; per. peronseus; ret,abd. rectusaMominis ;^^to!tita/ 

; w< -*«-»*» «<ftusintMnusminor; ear. sartorius; sb. mt. sub-mentalu; 
Km. ten. aemi-teudmosus; ttb. a»t. tibialis anticus; ttb. post, tibialis posticus: TI FI tihiol 
fibula; mU. int. 'vastus intcraus; *. a. xiphisternum. ^ ■ ** 
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Digestive Organs. —The mouth leads into a wide buccal cavity having m its 
loof the infernal or poitenor nares (Fig 288, p na), a pair of projections due 
to the downwaid bulging of the large eyes, and the openings of the Eustachian 
tubes (eus t , vide infra) On its flooi is the large longue (tug ), attached in 
front and flee behind, where it ends 111 a double point, by means of its muscles 
it can be suddenly projec ted, point foremost, trom the mouth, and is used in 
the capture of Insects Immediately behind the tongue is the glottis (gl) 
'Jeeth are arranged in a single senes round the edge of the upper jaw, attached 
to the premaxillx and maxillae, there is also a stftall patch of teeth (w t) on 
each vomer just internal to the posterior nostril The teeth aie small conical 



ha, 28s - Sana temporana. OisscctiLn inni llu lilt *udc tin \isccn suuiwhat displaced 

an inus b d bile duct b hv body of h\oid 6/ iirinm bhJJti 11 its opening into the 

clodci c art conus arteriosus cblm ctnlitllum f U rlem i at 7 untium of Ihud \ertebr 1 
rf» ad cnipus odiposum erb h icrclu ilhemisphere d h dorvillwnj h sinus du duodenum 
tt car cpicontrid eus t 1 ustnclu in tube 1 A P4 fi mio pint t tJ glottic gut gullet 
it ilium is ischium kd kuliiM / an left lumlc l htf, lift lung b liver m mck mento 
mtckclnn w a T nturtl rinh 1 lir«-t \crUbia. nlj } olflctoiy bulb opt l optu lolx u si 

nmnsUznuin ptd pciicaidium P\t\ piemi\illi pH piuneas p na postcrioi 11 ins pit 

pubis nt rutum 7 hi* right Jung t xnt ileum sp cd spin if cord si 11 uh sphtncthmnid, 
\pl spleen st stewn ith s sinus v< n > 11 tug tongue ts It stis uv urt ttr «k it'* ipertmc 
into the cloaca tjsi urnstUc venliuk t l) s ventral lymph sinus 10 t vomerine lutli 
1 s \esicul 1 emmilis 


bodies, theu bases ankylosr d to the 1x>nes, their only use is to prevent the 
polished or slimy bodies of the prey- lnst< ts and Worms—from slipping out 
of the mouth 

Hit bur cal casity narrows towards the pharvnx, which leads by a shoit 
gullet (gul) into a stomach (s t) consisting of a wide caidiac and a short, narrow, 
pylonc division 1 he duodenum (du ), or first poi tion of the small intestine, 
passes forwards parallel with the stomach; the rest of the small intestine 
(ileum) is twisted into a coil The large intestine or rectum (ret) is very wide 
and short, and passes without Change of diameter into the cloaca (cl) 

Ihe liver [hr ) is two-lobed, between the right and left lobes hes a large 
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gaUrMadtkr (Fig. »8g, G\). The pancreas (P.) is an irregular gland surrounding 
the bile-duct, into which it pours its secretion; the spleen (Fig. 288, spl.) is a 
small, red globular body attached near the anterior end ol the rectum. The 
fkyroUs. are small paired organs lying below the floor of .the mouth in front of 
the glottis.. The thymus is also paired, and is situated .behind and below the 
tympanic membrane. 

Respiratory Organs.— the lungs ( l. Ing., r. Ing.) are elastic sacs lying in the 
anterior part of the coelome above 


the heart and liver; their size and 
appearance vary greatly according 
to their state of distension. 
Each contains a spacious cavity 
and has its walls raised into a 
complex network of ridges abund¬ 
antly supplied with blood-vessels. 
The two lungs open anteriorly into 
a small laryngo-tracheal chamber 
which communicates with the 
mouth by the narrow, slit-like 
glottis. The walls of the laryngo¬ 
tracheal chamber are supported 
by a cartilaginous framework, and 
its mucous membrane is raised into 
a pair of horizontal folds, the vocal 
chords, by the vibration of which 
the croak of the Frog is produced. 

In breathing, the Frog keeps 
its mouth closed, and by depressing 



the floor of the mouth, draws air 
into the buccal cavity through the 
nostrils. The floor of the mouth 
is then raised, the nostrils, which 
are valvular, are closed, and the 
air is forced through the glottis 
into the lungs. The skin also is 


Fig. 289. — TUmtL esculenta. Stomach and duo¬ 
denum with liver and pancreas. Dr., Dr. 1 common 
bile-duct; Dr.* its opening into the duodenum; 
D. cy. cystic ducts ; DA., DA. 1 hepatic ducts; Du. 
duodenum; G. gall-bladder; L, L 1 , L 1 , L*, lobes 
of liver, turned forwards; Lhp. duodenohepatic 
omentum, a sheet of peritoneum connecting the 
liver with the duodenum; A/. stomach; P. pan¬ 
creas; P 1 , pancreatic duct; Py. pylorus. (Iron 
Wiedersheim's Comparative Anatomy.) 


an important respiratory organ. 

Ctrenlatory Organs. —The Pericardium (Fig. 288, j bed.) is not situated in 
front of the general coelome, as in Fishes, but lies in the coelomic cavity between 


the gullet above and the epicoracoids below; it consists, as usual, of a visceral 
layer closely adherent to the heart, and a loose parietal layer, the two being 
continuous at the bases ol the great vessels and separated by a small quantity of 
pericardial fluid. 
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The heart consists ol a sinus venosus (Figs. 290 and 288, s .«.), right and left 
auricles (r. an., 1 . ait.), a ventucle (0., vt), and a conus arteriosus (c. ait ). The 
sinus venosus opens into the light auricle, the pulmonary veins into the left: 
a striking advance on the Dipnoi is seen in the greatly increased size of the 
left auricle and its separation by a complete partition, the septum auri - 
cularum (Fig. 290, spt aur.), from the light. The two auricles open by a 
common aunculo-ventricular aperture, guarded by a pair of valves ( au. v. v.) 
into the single ventucle lhe latter has a transversely elongated cavity, and 



FiCv 290 — Bant temporary. I he lu ail fiom the \rnti *1 'ispcil with tin* cavities laid open 
a, a', bristle m leit carotid trunk, au v auricula vtntru ular \alves b b , bristle in left s>s 
temic trunk c, i \ bristle in left pulzno cutaneous trunk; cat a taint id arten car gl carotid 
labynnth, c art conus arteriosub, car tv carotid trunk, l au left lunclc Ig a lingual artm 
l v longitudinal valve pul cu ft pulmo cutaneous tiunk ful t aperture of pulmonary veins 
r au right auntie c au up sinu auricular aperture *pt aur septum auric ulorum, i u' t valves, 
1/ ventricle 


its dorsal and ventral walls are raised up into muscular ndges or trabecula: 
with interstices between them. The conus springs from the right side of the 
base of the ventricle, it is separated from the latter by three small semdunar 
valves (0.), and is traversed obliquely along its whole length by a large, flap-like, 
longitudinal valve (/ v ) which springs from its dorsal wall and is free ventrally. 
'lhe conus passes without change of diameter into a bulbus arteriosus, the two 
being separated by a semilunar valve (0 1 .) and by the free end of the longitudinal 
valve. The bulbus gives off two branches, right and left, each of them divided 
by two longitudinal partitions into three vessels, ait inner or anterior, the 
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carotid trunk (car. tr.), a middle, the systemic trunk or aortic arch, and an outer 


or posterior, the pultno-cutaneous trunk 
(pul. cu. tr). The systemic trunks 
communicate separately with the bulbus 
and the carotid trunks open slightly 
to the right of the junction of the two 
systemic trunks. The opening of the 
carotid trunks is guarded by a valve. 

After being bound togethei in the 
way described for a short distance, the 
rarotid, systemic, and pulmo-uitaneous 
trunks separate from one another. 
The carotid trunk divides into an 
internal (Figs. 290 and 291, car ) and 
external carotid (Ig) aitery tor the 
supply of the head, the funner having 
at its base a small swelling, the carotid 
“gland” or labyrinth (car gl), with a 
spongy interioi containing numerous 
cavities. The systemic trunks curve 
round the gullet and unite with oni 
another above it to lorm the dorsal aoita 
(d. ao), from which, or fiom one of the 
systemic trunks themselves, theartenes 
to all parts of the body, except the 
head, the lungs, and the skin, are given 
otf. The pulmoi ut anoous trunk divides 
into two, a pulmonary aitery (pul.) to 
the lung, and a cutaneous arteiy (cu ) 
to the skin 

In the tadpole there are four aortic 
arches, earh consisting of an afferent 
and an efferent branchial aitciy con¬ 
nected by the capillai ies of the gil I e A s 
the water-breathing laiva undergoes 
metamorphosis into the <m-breathing 
adult the gills disappear, the first 
aortic arch loses its connection with the 
dorsal aorta and becomes the carotid 
trunk; the second enlarges, retains its 
connertion with the dorsal aorta, and 
third disappears; and the fourth sends 



1 1<> 2Qi —Sana tempor&ria. The arter 
ul s\ stem, with the heart, longs, kidneys, 
and left testis, from the ventral aspert. cat 
internal (jrotularteiy, car.gl carotid laby¬ 
rinth i ail «onus arteriosus, car it caro¬ 
tid trunk cal mes 1 celiac o-mesenteric 
■ntery tu cutaneous artery, d ao dorsal 
iurti da duodenal artery, gi gastric 
arten hp hepatic artery , *1 iliac aitery, 
ml intestinal irtcrics kd kidney, l au 
kftauiulr Ij internal carotid artery , lag 
lung, os oesophageal artery, pul pul- 
monatv artery; pul cu h pulnio-iutaneous 
trunk, r au nghtauncle, r#i. renal arteries, 
id subclavian artery ipl. splenic artery; 
cyst Is. systemic trunk, spm. spermatic 
artery, ti. testis, r> ventricle; vert, verte¬ 
bral artery. 


becomes the systemic trunk, the 
ff branches to the lungs and skin. 
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loses its connection with the dorsal aorta, and becomes the pulmo-cut&neous 
trunk. 

The blood from each side of the head is returned by internal (Fig. 39a, int. 
ju.) and external (ext. jit.) jugular veins into the precaval vein (pr. v.), which also 



Fig. 292 —Bint tanpomrift. The venous sy htcra with the lira it, lungs, liver, kidneys, and 
ngfct testis, from the dorsal aspect. nhd abdominal vein; hr. brachial vein; cd. cardiac vein; 
ds, Imb . dorao-lumbar vein; dit. duodenal vein; ext. ju. external jugular vein; /m. femoral vein, 
gs. gastric vein; hp. hepatic vem; hp. pt . hepatic portal vein ; int. intestinal veins; int. ju. 
internal jugular vcm; kd. kidney; /. au. left auricle; Ing. lung; Ivr. liver; ms, cu. musculo¬ 
cutaneous vem; pr, cv. precaval vein; pt. cu. postcaval vein; fyl. pulmonary vein; pv. pelvic 
vein; r. au. ngkt auricle; rn. renal veins; nr. pt. renal portal vein; sc. sciatic vein; spl. splenic 
vein; spm . spermatic vein f s. v. sinus venosus, U. testis, ie&. vesical veins. 

receives the brachial vein (Jr.) from the fore-limb, and the mtsculo-cutaneous vein 
(ms. cu.) from the skin and muscles of the side and bacK! and part of the head : 
the two precavals open separately into the sinus venosus. 

The course of the blood from the posterior part of thtfbody is very different 
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from what we have met with in fishes, the differences being due partly to the 
absence of a tail, partly to a peculiar modification of the lateral veins, and partly 
to the replacement of the cardinals by a postcaval vein, found among fishes 
only in the Dipnoi. 

The blood from the front part of the hind-leg is brought back by a femoral 
vein {fin.), which, on reaching the coelome, divides into two branches, a dorsal 
and a ventral. The dorsal branch is the renal portal vein [m. pt.) : it receives 
the sciatic vein {sc.) from the back of the leg and passes to the kidney, in which 
it breaks up into capillaries. The ventral branch is the pelvic vein (pv.) : it 
unites with its fellow of the opposite side to form the abdominal vein {abd.) 
which passes forwards in the ventral body-wall, between the linea alba and the 
peritoneum, to the level of the sternum, where it turns inwards and divides into 
two branches, both breaking up into capillaries in the liver. J ust as it enters the 
liver it is joined by the hepatic portal vein {hp. pt.), bringing the blood from the 
stomach, intestine, spleen, and pancreas. The abdominal vein also receives 
vesical veins (ves.) from the urinary bladder, and a small cardiac vein from the 
heart (cd.). It represents the lateral veins of Chnndrichthyes united in the 
middle ventral line: the pelvic veins are their posterior free portions. 

The blood Ls collected from the kidneys by the renal veins (m.), which unite 
to form the largo unpaired postcaval vein {pt. cv). This jiasses forward through 
a notch in the liver, receives the hepatic veins {h.p .) from that organ, and 
finally opens into the sinus venosus. Thus the blood from the hind-limbs has 
to pass through one of the two portal systems on its way back to the heart: 
part of it goes by the renal portal veins to the kidneys, and thence by the renal 
veins to the postcaval, part by the pelvic and abdominal veins to the liver, and 
thence by the hepatic veins to the postcaval. Lastly, the blood which has been 
purified in the lungs is returned by the pulmonary veins {pul.) directly to the 
left auricle. 

It will be seen that there is no trace ot cardinal veins in the Frog. But In 
the larva both anterior .uid posterior caidinal veins are present: during the 
metamorphosis the ductus Cuvien, in whi( h, as in fishes, they unite, become 
converted into the precavals, while the posterior portions of the posterior 
cardinals contribute to the formation of the postcaval, and the anterior portions 
disappear. 

It will be perceived that the blood poured into the right auride is mostly 
impure or venous, that poured into the left fully aerated or arterial. When the 
auricles contract, which they do simultaneously, each passes its blood into the 
corresponding jiart of the ventricle, which then instantly contracts, before the 
venous and arterial bloods, kept separate as they are to some extent by the 
muscular trabecula; acting as incomplete partitions, have time to mix. Since 
the conus arteriosus springs lrom the right side ul the ventricle, it will at first 
receive only venous blood, which, on the contraction of the conus, might pass 
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portionally great, so that it is easier for the blood to enter the pulmo-cutaneous 
trunks than to force aside the valves between the conus and the bulbus. A 
fraction of a second is, however, enough to get up the pressure in the pulmonary 
and cutaneous arteries, and in the meantime the pressure in the arteries of the 
head, trunk, etc., is constantly diminishing, owing to the continual flow of 
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blood towards the capillaries. Very soon, 1 lie ref on*, the blood forces the valves 
aside and makes its way into the bolbus aorta. This will therefore receive the 
next portion of blood, which, the venous blood hav ing been mostly driven to 
the lungs, will be a mixture of venous and arterial. Finally, as the pressure 
rises in the systemic trunks, the last portion of blood from the ventricle, which, 
coining from the left side, is arterial, will pass into the carotids and so supply 
the head. 

The red blood-corpuscles aie, like those of fishes, oval, nucleated discs. The 
lymphatic system (Fig. 293) is very well developed, and is remarkable for the 
dilatation of many oi its vessels into immense lymph-sinuses. Between the 
skin and muscle arc large subcutaneous sinuses (Fig. 288, r. ly. s.), separated 
from one another by fibrous partitions, and the dorsal aorta is surrounded by a 
spacious subvertebral sinus. The lymph is pumped into the veins by two pairs 
of lymph-hearts, one situated beneath the suprascapulae, the other beside the 
posterior end of the urostyle. 

Nervous System, —The brain (Fig. 294) has a very small cerebellum, large 
optic lobes, a well developed diencephalon, and large hemispheres and olfactory 
bulbs, the latter fused in the median plane. The corpora striata, or basal 
ganglia of the < erebral hemispheres, are connected together, as in all Vertebrates, 
by an anterior commissure (D, com , below, lower line), above which is another 
commissure (row, l»elnw, upper line) partly 1 ('presenting the hippocampal 
commissure ol the brain of Reptiles dnd Mammals. The inetaccelc is covered 
by a thick choroid plexus, the mcsouele is divisible into a median passage or 
iter (i), and paued optoculcs {opt v.) m the optic lobes: the paracories are 
large cavities each communicating with a rhmoccelc in the corresponding 
olfactory bulb. The pineal body is vestigial in the adult, a lobe of the anterior 
choroid plexus, with a vestige of the stalk {pin.), taking the position which it 
usually occupies: in the larva it is found outside the skull and immediately 
beneath the skin. 

'Hie first spinal neive peiforms the fumtion of the hypoglossal (Fig. 294, 
iSp.), supplying the muscles of the tongue: it passes out between the first and 
second vertebra?. The spinal coid is short and ends in a delicate filament, 
the plum terminate. In correspondenr e wilh the number of vertebra there are 
only ten pairs of spinal nerves, of which the second and third unite to form a 
brachial plexus giving off the nerves to the lore-limb, while the seventh to the 
tenth join to form a lumbosacral pit* us giving oft the nerves to the hind-limb. 

Sensory Organs.--The olfactory sacs have each two openings : the anterior 
nans or external nostril and the posterior naris (Fig. 288, p. na.) or internal 
nostril, which opens into the mouth immediately extemel to the vomer. 

The eye and the auditoiy organ have the usual structure, but in connection 
with the latter there is an important accessory organ of hearing not hitherto 
met with. Bounded externally by the tympanic membrane and internally 
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by the outer wall of the auditory capsule is a considerable space, the tympanic 
cavtty (Fig. 295, tymp. cav.), which communicates with the pharynx by the short 
Eustachian tube (eus t.) already noticed (Fig. 288, eus. (.), so that a probe 
thrust through the tympanic membrane from outside passes directly into the 




Hte/tM 





fit. 294 - Brain of Rina. A, from above 7? from below, C # from the side; D in longi 
tudinal vertical section Cb cerebellum < er II cerebral hemispheres ch plx 1 anteiior and 
ch plx 1 posterior choroid plexus (removed in 4), com commissures the two in front the anterior 
and hippocampal, the two above the superior or habenular and the posterior (r C crura cerebri t 
JDt. diencephalon, for M foramen of Monro, i iter or aqueduct of Sylvius, inf infundibulum 
Med obi medulla oblongata, Olf l olfactory bulb opt ch optic chiasma, Opt l optic lobe 
opt v optic ventricle pin stalk of pineal body, pit pituitary body S p cd spinal cord V s 
third ventricle, i 4 fourth ventricle 7— X. cerebral nerves iSp hsp spinal nerves (From 
Parker’s Practical Zoology t - G, after Gaupp D t from Wiedersheim’s Comparative Anatomy, 
after Osborn) 
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pharynx. In the roof of the tympanic cavity lies the columella (cot,), its head, 
or extra-columella, attached to Hie inner surface of the tympanic membrane, 
its handle united to the stapes (sip.), which is fixed in the membrane of the 
fenestra ovalis (fen. ov .). Sonorous vibrations striking the tympanic membrane 
are communicated by the columella and stapes to the fenestra ovalis, thence, 
to the perilymph, and thence to the membranous labyrinth. The connection 
of the enstarhian tube with the pharynx obviates undue compression of the 
air in the tympanic cavity.. There seems little doubt that the tympano- 
fflstivhiw 11 passage is homologous with the first or hyomandibular gill-cleft, 
alt hough, in the Frog, it is formed independently of the clefts and never opens 
on the exterior. 


m*mb.lab 


lymp 
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Fig ms.— Transverse section of head of Frog to show the relations of accessory auditory 
apparatus ^diagramma tic). Skeletal structures black, with the exception of the columella, an. 
W ^uluTtv^^icus; b. hy. body of hyoid; buc. eav. cavity of pharynx; ch. fix. diormd 
plexus ■ col. cofomella; eus. I. Eustachian tube; ftn. on. fenestra ayahs , suf. obi. medulla 
ob Sta ii^. lab, membranous labyrinth; mud. mandible; Nv. VIII. auditory nerve; o.sl. 
omottonom; fig. ptergyoid ; qu. ju. quadrato-jugal; sip. stapes; lymp. cav. tympanic cavity 
or middle ear; lymp. m. tympanic membrane. 


Urlnogenital Organs.— The kidneys (Figs. 296 and 297, N.) are flat, somewhat 
oval bodies, of a dark red colour, lying in the posterior region of the coelome. 
On the ventral face of each is an elongated, yellow adrenal, and irregularly 
scattered nephrosiomes occur in considerable numbers on the same surface; 
th e se do not, however, communicate with the urinary tubules, but with the 
renal veins, and serve to propel the lymph from the coelome to the venous 
system. The mesonephric ducts (Ur.) pass backwards from the outer borders 
of the kidneys and open into the dorsal wall of the cloaca (Cl.). The kidney is 
developed from the mesonephros of the embryo, the urinary duct from the 
mesonephric duct. In the larva a large pronephros is present and is, for a time. 

the functional kidney. ... 

O pening into the cloaca on its ventral side is an organ (Fig. 288, «.) 
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mentioned in the general account of the Craniata (p Z2r), but here actually met 
with for the first time. It is a bilobed, thin-walled, and very delicate sac into 
which the urine passes by gravitation from the cloaca when the anus is closed 
The sac is a unnary bladder, but, as it is quite different morphologically from 
the organ of the same name in Fishes, which is a dilatation of the mesonephric 
duct, it is distinguished as the allantoic bladder 





Pig 2<)<i -Sui esculents. 
Unnogonitdl organs of the male 
Ao dorsal aorta, Cl clou a 
Ci postcaval vein, Th, fat 
bodies, //O,testes A kidne>& 
•S S', apertures of mesonephric 
ducts into cloai/i, Ur mi so 
nephne ducts (From Wiedeis 
heint s i omparativc Anatom ) 



Jug 297 Sana esoulenta. Umingi mi d 
oigfins of tne ft male. A, kidneys Od om 
duct Ot its corlomic aperture Oi lift 
ovdi\ (the right is removtd) P cloacal apci 
lure of oviduct S, S' tloacal Apertures of 
mesontphne ducts Ut uterine dilatation of 
oviduct (From Witdershcim’s ( ompenatiu 
Anatomy ) 


The testes (HO) arc while ovoid bodies lying inunediately vcntial to the 
anterior ends of the kidneys, to which they are attached by folds of peritoneum. 
From the inner edge of each pass a number of delicate vasa tffaentxa which enter 
the kidney and become connected with the urinary tubules Hie spermatic 
fluid is thus passed into the urinary tubules and carried off by the duct, which 
is therefore a urinogemtal duct in the male Frog A vestcula seminah s (Fig 
288, vs sent.) opens by numerous small ducts into the outer side of the duct. 
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Attached to the testis are lobed bodies of a bright yellow colour, the fat-bodies 

( FK ). 

The ovaries (Fig. 297, Ov.) arc large folded sacs on the surface of which the 
black-and-white ova project. A fat-body is attached to each, The oviducts 
(Od.) are greatly convoluted tubes, the nanow anterior ends of which open into 
the coelome by small apertures (Of.) placed close to the bases of the lungs. 
Their posterior ends are wide and thin-walled (Ut.), and open into the cloaca 
(P). The ova break loose from the surface of the ovary and enter the coelomic 
apertures of the oviducts, the walls of which arc glandular and secrete an 
albuminous fluid having the property of swelling up in water. The eggs 
receive a coating of this substance as they pass down the oviducts, and are 
finally stored up in the thin-walled posterior portions of those tubes, which, 
in the breeding season, become immensely dilated and serve as uteri. 

Development.-- The eggs arc laid in water in large masses; each has a black 
and white hemisphere, the former always directed upwards, and is surrounded 
by a sphere of jelly. The egg is telolecithal, the protoplasm being mainly 
accumulated on the pigmented hemisphere, while the white hemisphere is 
loaded with yolk. During ovijwsition the male sheds his spermatic fluid over 
the eggs, and the sperms make their way through the jelly and impregnate 
them. In a short lime the jelly swells up and becomes thereafter imj>ermeable 
to the sperms. 

Segmentation begins by a vertir.il funow dividing the oosperm into two 
cells (Fig. 298, . 1 ), and soon lollowcd by a second vertical furrow at right angles 
to the first (B), and then by an equatorial furrow placer! nearer the black than 
the white pole (O. Thus the eight-celled embryo consists of four smaller 
black cells and lour larger white cells. Further divisions take place (D), the 
black cells dividing rapidly into micromeres (mi.), the white, more slowly, 
into megamcres (mg.) : as in previous cases, the presence of volk hinders the 
process of segmentation. The pigmented microtncies (D — F, mi.) give rise 
to the ectoderm, which is many-layered : the megaineres (mg.) contribute to 
all three layers and are commonly called yolk-cells. During the process of 
segmentation a blastoarle (E, bl. cnl) or segmentation-cavity appears in the 
upper hemisphere. 

The black now begins to encroach on the white hemisphere; cells, budded 
from the yolk-cells, take on the character of ectoderm, acquire pigment, and 
gradually extend the black area until it covers the whole embryo except a 
small patch, known as the yolk-plug ( 0 , H, yk. pi.), at what will become the 
posterior end. This process is obviously one of epiboly: the margin of ecto¬ 
derm cells surrounding the yolk-plug represents the blastopore. 

The archenteron (I, ent.) arises by a split taking place among the yolk-cells, 
be ginn ing at the edges of the blastopore and gradually extending forwards: 
the process is probably supplemented by a limited amount of invagination of 
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l io jgH Development of the Frog. 1 —/, segmentation, G, overgrowth o£ ectodeim 

H t 1 establishment or germinal Lay ers f /i f assumption of tadpole form ami establishment ot 
neivnus system, notochord and entenr cdnal, L, newly hatched tadpole bl carl blastourlc 
hip Mp' blastopore hr t hr - gills, hr cl branchial arches, $ eye, erf ectoderm, end endo 
derm ant cntcron, / Ot fore brain, k br hind brain, tn Ot mid-brain md f medullary fold, 
md gt medullary groove, me* mesoderm, mg megameres mi -micromeres, nch notochord 
mac neurentcnc canal pedm proctodasum, ply pituitary invagination, ret commencement 
of rectum, a/s sucker, sp cd spinal cord, it dm. atomodieiim, t. tail vk yolk cells, -yA pi 
yolk-plug (f -/), J- H, ind J from Ziegler’s models, r /, h, and T after Maishall) 
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the ectoderm. The archenteron is at first a very narrow cleft, but soon widens 
considerably: for a long time it docs not actually communicate with the 
exterior, the blastopore being filled up with the yolk-plug. As the ardientcron 
extends forwards the blastocoele gradually disappears The yolk-cells soon 
become differentiated into a layer of endoderm cells (/, end.) immediately 
surrounding the archenteron, and several layers of mesoderm cells (mes.). 
Ventrally, however, a large mass of yolk-cells (A’, yk.) remains undifferentiated 
and serves as nutriment to the 


growing embryo. 

The edges of the lower margin 
of the blastopore now begin to 
approach one another, and, 
uniting in the median plane, 
give rise to a vertical groove, 
the primitive groove. In the 
meantime medullary folds (H, 
md. /.) appear and mark the 
dorsal surface: they are at first 
widely separated, but gradually 
approach one another and close 
over the medullary groove {md. 
gr.), thus giving rise to the central 
nervous system. Posl eriorly they 
are continuous with the lips of 
the blastopore, so that when the 
neural groove heroines closed 
in behind, the archenteron, as in 
Atnphioxus, communicates with 
the neurocoelc by a ncurentenc 
Lanai (K, «. e. c.). 

The embryo soon begins to 
elongate; one end i-> broad, and, 
becoming separated by a slight 



]*ig iQg — Bana tempofaria. Stages in the Iife- 
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M ivart) 


constriction, is marked out as the head: the other cud is bluntly pointed and 


is the rudiment of the tail (t.). On the ventral surface of the root of the tail a 


proctodaum (pedm.) appears and communicates with the archenteron. 

Hie head and tail beronie more distinctly marked off from the trunk. A 
pit—the stomodwim {J -L, st.dm.)— appears on the antero-ventral surface of 
the head, and, immediately behind it, a semilunar area with raised edges, 


the sucker (sk.). At each side of the head two branched processes appear: 
they are the external gills {br. i, br. a), and the regions from which they arise 
mark the positions of the first and second branchial arches 
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The embryos arc now hatched as tadpoles. They swim freely in the water or 
adhere to weeds by means of their suckers (Fig. 299,1). They are still blind 
and mouthless, the stomodsum not having yet communicated with the archen- 
teron. Soon a third pair of external gills appears on the third branchial 
arch, and the first two pairs increase greatly in size (a, 2a ): the stomodaeum 
joins the archenteron, gill-slits (branchial clefts) are formed between the bran¬ 
chial arches, and the eyes appear. The mouth is small, bounded by lips beset 
with homy papillae and provided with a pair of homy jaws. The enteric canal 
grows to a great length and is coiled like a watch-spring, and the tadpole 
browses upon the water-weeds which form its staple food. 

Soon the external gills show signs of shrivelling, and at the same time 
internal gills, like those of fishes, are developed in the branchial clefts. A fold 
of skin, the operculum, appears on each side, in front of the gills, growing from 
the region of the hyoid arch, and extending backwards until the gill-slits and 
external gills are covered and there is only a single small external branchial 
aperture on each side, as in Holocephali (j, 4). On the right side the oper¬ 
culum soon unites with the body-wall so as to close the branchial aperture, 
but on the left side the opening remains for a considerable time as the sole 
means of exit of the water. At this time the tadpole is to all intents and 
purposes a fish. 

The lungs now appear, and the larva is for a time truly amphibious, rising 
periodically to the surfaccHo breathe air : the single branchial aperture, how¬ 
ever, soon closes and henceforth respiration is purely aerial. 

In the meantime the limbs arc developed. The hind-limbs appear as little 
rounded buds, one on each side of the root of the tail (5). The fore-limbs arise 
beneath the operculum and are therefore hidden at first; soon, however, they 
emerge by forcing their way through the operculum. As the limbs increase in 
size the tail undergoes a progressive shrinking (6-#). The mouth widens by 
the backward rotation of the suspensoriuni, the intestine undergoes a relative 
diminution in length, and Vegetable is exchanged for animal diet. The little, 
tailed Frog can now leave the water and hop about upon land; its tail is soon 
completely absorbed, and the metamorphosis is complete. 


Classification of tiii: Amphibia. 

There are eight orders of Amphibia, five of which are extinct, and three 
living. The extinct orders have a completely roofed skull, whereas their 
modem descendants have the number of skull-bones greatly reduced. It has 
been customary to place the extinct orders together in a sub-class, the 
Stegocephalia, and the modem orders in another, the Lissamphibia, but this 
implies that the modern form are all descendants of a single group, whereas 
they are probably survivors of more than one of the early orders. 
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Order z. Ichthyostegalia .—Very primitive Amphibia known from only 
a few skulls which were discovered quite recently in rocks which may be 
either Upper Devonian or Lower Carboniferous in age. 

Order 2. Labyrinthodontia .—Amphibia with the dentine of the teeth 
typically infolded at the base, with vertebrae consisting of neural arches 
resting on an intcrcentrum and, in addition, in the early forms, on a 
pleurocentrum. This order includes the majority of the extinct Amphibia, 
and many of them reached a considerable size. Lower Carboniferous— 
Upper Trias. 

Order 3. Phyllospondylia Small, newt-like Amphibia with only the 
neural arches of the vertebrae ossified. Lower Carboniferous—Lower 
Permian. 

Order 4. Lcpospondylia .—Amphibia with the neural arches co-ossified 
with the centra, which are of unknown composition. Frequently with the 
tabular bones enormously expanded. Lower Carboniferous—Lower Permian. 

Order 5. Adelospondylia. —This order is known from only a few genera. 
The neural arches are not fused with the single centra, which have 
perforations at each side. The composition of these centra is unknown. 
Lower Carboniferous—Lower Permian. 

Order b. Urodela *—Newts and Salamanders. Amphibia with greatly 
reduced skulls, but let.lining the primitive body form. Cretaceous- 
Recent. 

Order 7. An urn * -Frogs and Toads. Tailless Amphibia with the 
hind limbs greatly enlarged for jumping. Trias—Recent. 

Order 8. Apoda.* —Limbless, wonn-like Amphibia known only from 
living forms. 

Systematic Position of the Example. 

The genus Rana belongs to the sub-family Ranitue of the family Ranidas, 
which, with two others, constitutes the sub-order Uipiasiocivla of the order 
An usa. 

The absence of a tail and the specialisations of the hind-limbs and 
vertebral column place the genus among the order Anura. It is placed in the 
sub-order Diplasioccela by the articulations of the vertebral column; the 
first seven vertebrae being procoelous, the eighth biconcave and the sacral 
vertebra convex anteriorly and with paired articulations posteriorly for the 
urostyle j and also by certain socialisations of the thigh musculature. It 
is placed in the family Ranidae on account of the cylindrical diapophyses and 
absence of intercalary cartilages, and in the sub-family Raninse by the bony 
sternum and pointed or only slightly dilated tips of the digits, which have 

• For a detailed classification of the modem orders, s te Noble, Biology of the A mpkibta 
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no discs. The widespread genus Rana, which includes the great majority of 
the members of the sub-family, is difhcult to define, differing only slightly 
from each of the other six genera. R. temporaria is distinguished from 
R. esculent* by its smaller size and brown colour, by the large black patch in 
the tympanic region, and by the absence of external vocal sacs in the male. 



lxo joo — Iohihjostega. Dorsal, ventral and UtrraJ aspects hs basisjriienoid do supia 
occipital tc. ectoptcrygoid, en external narcs, / frontal, iw internal nares j jugal / 
lachrymal; «i maxilla; n nasal, p parietal, pt postfiontal pi. palatine, pm pnsm axilla, 
po posturbital, pop prcopeiruiar, ptj prefrontal, ps narasphenoid, pt pterygoid fn 
prevomer, <( quadrate iff quadrate* jug il i rostral, \m septonuxillaiy, sq squamosal, 
kf. supratt tnporal, t tabular (\fterltomcr) 


(Ilnfrsl Organisation. 

(a) Extinct Orders. 

The classification of the Amphibia is unsatisfactory because, with the 
exception of one recent discovery, there are no known links between the 
various orders found in the late Palaeozoic and early Mesozoic locks and 
the three orders which snr\ iw to-day 

The earliest known Amphibia arc the lchtliyostegalia, which have been 
found quite recently in rocks which may be either Upper Devonian or Lower 
Carboniferous in age. At present only the skull is known, but this shows 
three interesting features (Fig. 300). A prc-opercular persists on the back of 
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the squamosal and quadratojugal bones as a relic of the Ash Opercular series; 
the septum axilla forms part of the dcnnal covering of the skull; and the nose 
consists of a pit on the under side of the skull, which is bridged by a process 
of the maxiOa and is divided into an anterior and posterior part. This last 
condition is similar to that found in the Dipnoi and some ot the early 
Crossopterygians, while in all tetrapods the anterior opening of the nasal pit 
has migrated to the upper surface of the skull and has become completely 
closed off from the posterior opening so as to form true internal and external 
nares. 

The next order, the Labyrinthodontia, includes the majority ot the extinct 
forms. Appearing first in the Carboniferous, it became abundant during the 
Permian, but did not survive beyond the Trias. Some of the early forms 
arc very important, as they show features which arc Jish-Iike, and at the same 
t ime provide pp sfrihle ancestors jq| j;]\£ reptiles. Paleeogynnns (Fig. 301 b) has a 
long, cylindrical body with a powerful tail and poorly developed limbs. It 
has no neck, the shoulder-girdle being attached to the back of the skull by a 
post-temporal bone, as in fishes. The build of the skull ot these Carboniferous 
forms is very similar in general structure to that of the Ostcolepid fishes (Fig 
30X b), except that the specialised hinge between the lrontals and parietals is 
missing. An important feature is seen in the structure of the teeth, which 
have the dentine infolded at the base into t oinplicatcd grooves, as in the 
Osteolepids. The vertebia: arc of a type known as emboloraerous, consisting 
of a neural arch resting on two notochordal centra, an anterior intcrccntrum 
and a posterior pleuroccntiuin (Fig. 302). The shoulder-girdle is similar to 
that of the Osteolepid fishes, pailiculaily in retaining the }X)st-tempoml bone, 
except that an lnterdavicle has been added and the scapulocoracoid bone 
has increased in size (Fig. 303). The pelvis is peculiar in being the only one 
known among tetrapods which is not dually attached to the vertebral column, 
but was held in place by means of ligaments. 

In the course of their evolution the Labynuthodonts underwent a series 
of profound changes, one of the most important being in the structure of 
their vertebrae. The two centra present in eaeh cmbolomcrous vertebra of 
early forms were first reduced to two hall-moon-sliajied elements, and then 
the posterior pleimx enlruni was further minced to a pair ot blocks ol bone 
which lay liehind the top of the mterccntrum and the neural arch (Fig. 302). 
This condition is typical of the Permian iornis, and is known as rachttomoui,. 
In the majority of Triassic Labyrinthodonts all tiace of the pleurocentnun 
Warn*, lost (at least as a separate element), and the intercentrum re-developed 
into a solid centrum. This form of vertebra, composed only of the neural 
arch and the intercentrum, is termed siereospondylous. A convenient classi¬ 
fication of the Labyrinthodonts is based on these changes, and the order is 
thereby divided into three grades, the Embolomm, Racin'tomi and Stereo- 
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spondylt, typical respectively of the Carboniferous, Permian and Triassic 
periods. It must be remembered, however, tliat this classification is only 
one of convenience, and does not bear any phylogenetic significance. 
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Many other changes ol iitipoitancc took place in the skeleton. The .skull 
and body became .flattened, most of the bones foiming the brain-case were 
reduced (the loss of the basiocdpital resulted in the formation ot paired 
exocdpital condyles typical ol all but the earliest amphibia) and a separation 



EMBOLOMEROUS 


Fig 302 --Diagrams ol the composition of the main t>pcs uf Lctrapod vertebrae. 

Rib facet* &Te black J xravatmn in adelo ,pon< 1 ylou'» centrum is sliiUled. 

of the pterygoids from the parabphenoid in the mid-line resulted in the 
formation of large interpterygoid vacuities. Kryops, a form common in 
the Lower Permian rocks of North America, was much better fitted for 
life on land than Kogyrinus, the limbs being larger, the tail smaller and the 
lateral line system was apparently lost in the adult. By the Trias, however, 
VOL. n. 2 
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the group returned to life in water, the head became relatively enormous, the 
limbs were reduced and the lateral line system persisted in the adult stage. 
It is interesting to notice that while the earliest members show fish-like 



features, and some had much in common with the earliest reptiles, the later 
members resembled the living frogs and newts in many features of their 
palates and brain-cases. 

There arc three other orders of Palaeozoic Amphibia, distinguished by the 
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structure of their vertebrae. The Phyllospondylia are abundant in some 
Carboniferous and Permian rocks of Europe and North America. They were 
small, newt-like forms which had only the neural arches of their vertebrae 
ossified. They had a complete roofing to their skull, but the brain-case was 
unossified, and the young had external gills which have been preserved in a 
number of specimens. The general build of these forms is so newt-like that 
many attempts have been made to ally them to the Urodeles, but positive 
evidence of this is still lacking. 

The Lepospondylia were forms which had the neural arches and the centra 
of the vertebrae co-ossified, and their constituents are problematical. Although 
the order includes forms of a generalised build, they are for the most part 
bizarre animals, with the posterior corners of the skull roof enormously 
enlarged, and a few were legless. Dipiocaulus, which is found in the Lower 
Permian of North America, is one of the best-known forms. It was about 
two feet long, with a huge triangular head and small limbs. 

Only a few members of the Adelospondylia are known. Here the neural 


brj 



Fit. }o|.— Rectonu nuundatu. an aim'; br i br 3 external gills ; bi cl, 1 and ?, 

bianthul clefts 

arches were loosely attached to single centra, which were hollowed out by an 
excavation on each side. One American form, Lysoropkus, is peculiar among 
early Amphibia in that some reduction of the skull-bones has taken place, but 
unfortunately it is specialised, and gives no evidence of relationship with later 
forms. 


(b) Modem Amphibia. 

Mwml Characters.—An excellent example of the Urodela with persistent 
gills is afforded by the great North American Water-newt, Necturus maculatub 
(Fig. 304). The animal attains a length of 30 cm. (more than a foot); the 
elongated tr unk is separated by a slight constriction from the depressed head, 
and pa sses insensibly into the compressed tail, which is bordered by a continuous 
modian fi n unsupported by fin-iays. The limbs are small and weak in propor¬ 
tion to the size of the body, and in the ordinary swimming attitude are directed 
backwards, more or less parallel to the sagittal plane, the upper arm and thigh 
taking a direction backwards and slightly upwards, the fore-arm and hand and 
the shawl* and foot extending backwards and downwards. Each limb thus 
presents an external or dorsal and an internal or ventral surface, an anterior or 
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pre-axial border, which terminates in the first digit, and a posterior or post-axial 
border, which terminates in the last digit. The eyes are small and have 
no eyelids, there is no tympanic membrane, and the mouth is wide and bordered 
by thick Ups. On each side of the neck are two gill-slits (br. cl. i, br. cl. a) 
leading into the pharynx, the first between the first and second branchial 
arches, the other between the second and third. From the dorsal end of each of 
the three branchial arches springs a branched external gtll (br. i—br. 3). Very 



Fig. ^5.— Hren laontina. (From Mivart) 


similar in its external characters is the blind, cave-dwelling Proteus ; and 
Siren (Fig. 305) differs mainly in Us elongated ecl-Ukc body and in the absence 
of hind-limbs. All three genera are peremibranchiaie or persistent-pilled. 

The remaining Urodela are often called caducibranchiate or deciduous-gillcd, 
and furnish a complete series of transitions from derotreinatous forms which, 
while losing the gills, retain the gill-clefts, to salamandtine forms in which all 
trace of branchiate organisation disappears in the adult. In Amphiuma (l'ig. 
306) the body is eel-like and the limbs are extremely small: there are no gills 
in the adult, but two pairs of gill-openings are retained throughout Ufe. In 



1'ig. jnp.— Amphinma tridaetyla. (From Mivart) 


(ryptobranchus there is a single branchial aperture, sometimes present on the 
left side only; but, as in the previously mentioned genera, four branchial 
arches arc retained. In Megalobatraclm, the Giant Salamander of Japan 
and China, aU trace of gill-shts disappears, but two branrhial arches persist. 
Lastly, in the Salamanders, such as the spotted Salamander (Salamandm 
maculosa, Fig. 307) of Europe, and the common British Newts (Molge), the 
adult has no trace either of gills or giU-sUts, and the branchial arches arc much 
reduced, The limbs, also, in the terrestrial Salamanders stand out from the 
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trvink. and haVe the soles of the feet and hands applied to the ground with the 
toes directed forwards, so as to support the weight of the body. Moreover, 
all trace of the median fin disappears: the tail becoming, nearly cylindrical. - 
In the Anura the body is always frog-like, the head being large and depressed, 
with a very wide mouth and large tympanic membranes, the trunk short, the 
tail absent; and the hind- mUch larger than the fore-limbs. In the Toads, such 
as the common British Bufo vulgaris, and most Tree-frogs, the webs between 



an 

Fig. 308.— Cecilia pachynema. A, anterior extremity from the right side; B, posterior 
extremity from beneath, an. anus. (After Boulenger.) 

the hind-toes are reduced or absent, and in many species of Hyla the toes end 
in rounded sucking-discs. 

In the Gymnophiona (Fig. 308) the body is greatly elongated and snake-like, 
the head is small and not depressed, and the limbs are absent. There is no tail, 
the anus [an.) being at the posterior end of the body on the ventral surface. 
The Stegocephala, or Labyrinthodonts as they are frequently called, were 
mostly salamander-like, having long tails and well-developed limbs: some, 
however, were snake-like and limbless, and probably retained their external 
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gills throughout life. They varied in length lroin 10 centimetres to several 
metres. 

The skin of Amphibia is soit and usually slimy, owing to the secretion of 
the cutaneous glands, which is sometimes poisonous. In some forms, such as 
Bufo and Salamandra, there are large swellings on the sides of the head, formed 
of aggregated glands, and called parotoids. In the larvae of both Urodela and 
Anura, and in the adult aquatic Urodeles, lateral sense-organs are present, and 
impressions on the cranial bones show these organs to have been well developed 
in the Stegocephala. The colour of the skin is often very brilliant: the 
Spotted Salamander is yellow and black, and many Frogs are green and gold, 
scarlet and black, and so on. The green colour of Tree-frogs is protective, 
serving to conceal them among the foliage of the plants on which they live. 
The brilliant and strongly contrasted hues of the spotted Salamander and of 
some Frogs are instances of " warning colours ”; the animals are inedible owing 
to the acrid secretion of their cutaneous glands, and their conspicuous colours 
serve to warn off the birds and other animals which would otherwise devour 
them. A red-and-blue Nicaraguan Frog is said to show no sign of fear of the 
Frog-eating birds, while the edible and more plainly coloured species are in 
constant danger. In many Tree-frogs the brightness of the coloration varies 
with changes in the intensity of the light and in the surroundings. In many 
Toads the skin is dry and covered with warts 
t An exoskeleton is present in many Gyinnophiona in the form of small dermal 
scales, and in some Anura in the form of bony plates beneath the skin of the 
back. ^In the Stegocephala a very complete armour of bony scutes was present, 
sometimes covering the whole body, sometimes confined to the ventral surface. 
In a Urodele, Onychodactylus, and in the South African load, Xenopns, small, 
pointed, homy claws arc present on the digits. With these exceptions the skin 
is devoid of hard parts. 

Endoskeleton.— The vertebral t olumn is usually divisible into a cemcal region, 
containing a single vertebra devoid of transverse processes; an abdominal or 
thoracolumbar region, containing a variable numbei ot vertebra with transverse 
processes and often with ribs; a sacral region, containing usually a single 


vertebra, the laige transverse processes—or the ribs—of which give attach¬ 
ment to the ilia, and a caudal region, forming the skeleton of the tail. £ln the 
Gymnnphiona the caudal region is very short, and there is no sacrum | in the 
, Anura the caudal region is represented by a single rod-shaped bone, the urostyle. 
The total number of vertebra may reach 250 in Urodela and Gymnopliiona t 
in Anura there are only nine vertebra and a urostyle. *' 

In the lower Urodela (Fig. 309, A and B) the centra are biconcave, as in 
fishes: they consist of dice-box-shaped shells of bone, lined at either end by 


cartilage (Jvk.), which is continuous between adjacent vertebra. The bony 


shell is developed before the cartilage appears, so that the vertebra are, in 
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strictness, investing bones 1 he neural arches, on the other hand, ai e far more 
perfectly developed than m any fish, and have well-formed zygapojihyses, 
which articulate with one another by synovial joints. 

Vjhe Gymnophiona also have biconcave vertebrae,)but in the higher Urodela 
(Fig. 309, C and D) and the Anura absorption of cartilage takes place between 
adjacent centra in such a wav that the convex end ol one hts into the roniavt 



Ik, , 0o _Longitudinal sections of \utibnl centra of A. B a mfllM ; B, AmthatoSU! 
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antenor f ,uTofcentium up concave posterior fare /i A mter-vwtebr il cartilage 
Centrum 1 igt mtw vcrlebnl lament Mh. marrow cavitv if trausvrrsr 
t...n (1 roin Wiulc l slltini s ( omparatii e inatomy) 


end of the next, forming a cup-and-ball joint In the* higher Urodela the con¬ 
vexity is on the anterior, the concavity on the posterior f.ice of each centrum 
(/>), and the vertebra are said to be opMhocnlous m the Anura they are 

usually, as in the Frog, proccelous 

The first or ccrvit«d vci tebra bo.us paned ai titular surfaces for the c ondyles 
of the skull, and between them the anterioi face of the centium gives off, in 
Urodela, a projection called the odontoid process The Urodela, moieover, 
have ribs articulating with the transverse processes of the abdominal and sacral 
vertebra: they are short bones, forked jiroximally, and the compressed trans- 
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verse processes are correspondingly divided. The sacral ribs of Urodelcs give 
attachment to the ilia, and the caudal vertebra bear hsmal arches. 

The skull of Urodela differs from that of the Frog in many important 
respects, the most striking of which is the fact that the trabeculae do not meet 
either below the brain to form a basis cranii or above it to form a cranial roof. 
Thus, when investing bones are removed, the cranium (Fig. 310) is completed 
above and below in the parachordal or occipital region only: anterior to this 
it has side walls, but no roof or floor, there being above a huge superior cranial 

fontanelle, and below an equally large basi¬ 
cranial fontancllc, the former covered, in 
the entire skull, by the parietals and frontals, 
the latter by the parasphenoid. In the 
perennibranchiate forms Necturns and Proteus 
the trabeculae remain, even in the adult, as 
narrow cartilaginous bars, and the chondro- 
craniuni is actually of a lower or more 
embryonic type than that of any other 
Craniata, with the possible exception of 
Cyclostomata. 

In the Urodela, moreover, the parietals 
(Fig. 31 ia, P.) and frontals (F.) are separate, 
the parasphenoid (Ps.) is not T-Shaped, the 
palatine and vomer are sometimes represented 
by a single bone, the vomeropalatine (Vop.), 
bearing teeth. The suspensorium is inclined 
forwards, as in the tadpole, out backwards, 
as in the adult Frog. The hyoid arch is large, 
and its dorsal end may be separated us a 
hyomandibular. There are three or four 
branchial arches, which are large in the 
pei ennibranchiate forms, but undergo more 
or less reduction in caducibranch species, 
never, however, forming such a simple structure as that seen in the Frog. 
The stapes has no columella attached to it, and, in correspondence with 
this, there is no tympanic cavity or membrane. 

In the Anura there is a very wide range of variation in the skull. Among 
the most important points are the presence, in a few species, of small supra- 
and basi-occipitals, and the fact that in others the roofing investing bones are 
curiously sculptured and so strongly developed as to give the skull a singularly 
robust appearance. 

(in the Gymnophiona (Fig. 31a) very little of the original cartilage remains 
in the adult state, but the investing bones arc very large an d form an extremely 
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complete and substantial structure, especially remarkable for the way in wfcieh 
the small orbit (<?.) is completely surrounded by bones.) 

The shouideff^iriite of JJrodefe (Fig. $13) is chiefly remarkable for the great 



size of the unossified coracoids 
(A,Co. x B, C.) which ovfcriap owe 
another on the ventral body- 
wall; The procoracoid (O.) is 
also large, and there is no 
clavicle. The sternum (St.) is 
usually a more or less rhomboid 
plate of cartilage between the 
posterior ends of the coracoids, 
and there is no omostemum. 
In Necturus, however, the 
sternum presents a very in¬ 
teresting structure: it is a 
narrow, irregular, median bar, 
sending off branches right 



S/ 

Fig. 313 .— A, right side of shoulder-girdle of 
Mimannra ; B, shoulder-girdle and sternum of 
Ambljltoma (Axolotl) from the ventral aspect, a, b, 
processes of scapula; C. (in B), coracoid; CL 
ptocoracoid; Co. (m A), coracoid; G. (in A), glenoid 
cavity; L, its cartilaginous edge; Pf. (in B) t glenoid 
cavity; 5.scapula; SS.supra-scapiua; sL sternum; 
*, f. nerve foramina. (From Wxedersheim's Com¬ 
parative Anatomy.) 


and left into the myocommas, 



Fie. 314. —Pelvic girdle of Sftla- 
mendre. a. 4, processes of epipubis; 
Ep. epipubis; Fo obturator foramen; 
G. acetabulum; It, ilium ; Is. ischium; 
p. pubis; Sy. pubo-ischiatic sym¬ 
physis; process of pubis present in 
some Urodeles. (From Wiedersheim.) 


a condition of things which suggests its origin by the fusion of abdominal ribs, or 
supporting structures developed between the ventral portions of the myomeres, 
just as the true ribs are formed between their dorsal portions. . In the. Anura 
the epicoracoids either simply meet one another in the middle ventral line, as in 
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liana, or overlap, as in the Fire-toad ( liombinalor ) and the Trec-lrogs (Hyla). 
The overlapping of the corai oids, in Auwyi .)>■. in Urodela, is sometimes correlated 
with the absence of an omostemum. In tlic Stegocephala there is a median 
ventral investing bone, the inter-clavidc, which is connected on each side 
with the clavicle, and extends backwards ventral to the sternum. There is 
also, on each side, a bone called the cleithrum, connected with the corresponding 
clavicle. 

In the pelvic girdle of the Urodela the combined pubic and ischiatic regions 
(Fig. 3x4, P., Is.) of the right and left sides are united to form an elongated 
cartilaginous plate which gives off on each side, above the acetabulum (G.), a 
slender vertical rod, the ilium (II). Ossifications are formed in the iliac and 
ischiatic regions, but the pubic region remains cartilaginous. The resemblance 
of the pelvis of the lower Urodela, and especially of Necturus, to that of Polyp- 
terus (p. 274) and of the Dipnoi (p. 207) is noteworthy. In Anura the pelvic 
girdle resembles that of the Frog. 

Attached to the anterior border of the pubic region there occurs in many 
Urodela and in Xenopus a rod of cartilage, forked in front, the epipubis (Ep). 
It is developed independently oi the pelvis, and its relations to that structure 
are very similar to those of the sternum to the sliouldei-girdlc; it has, in fact, 
been proposed to call it a pelui-sternum 

The limbs of Urodela differ from the typical structure already described 
only in details: there are usually four digits in the fore-limb and five in the 
hind-limb. In Anura the limbs are modified by the fusion of the radius and 
ulna and of the tibia and fibula, and by the great elongation of the two proximal 
tarsals. A pic-hallux is frequently piescnt. 

Myology. —In the lower Urodela the muscles of tlie tiunk and tail occur in 
the form of typical myomeres like those of fishes. In the higher forms the 
myomeres become converted into longitudinal dorsal bandsr-thc extensors of 
the back, paired ventral bands—the teih abdominis, and a double layer of 
oblique muscles, covering the flanks 

Digestive Organs. -The teeth are always smdll and ankylosed to the bones : 
they may be singly 01 doubly pointed They occur most commonly on the 
pr emaxilla; , maxillae and vomers, but may also bo develojicd on tlie dentarics, 
palatines and, in one instance, on the parasphenoid. In many Anura, such as 
the Common Toad, teeth are altogether absent. 

The enteric canal is divisible into buccal cavity, pharynx, gullet, stomach, 
small intestine, rectum and cloaca. Tlie stomach and duodenum together 
form a U-shaped loop in which the pancreas lies. The tongue in many Urodeles 
is fixed and immovable, like that of a fisli: in most Anura it is free behind, as 
in the Frog; but in Xenopus and Pipa (hence called Aglossa) it is absent. 

Respiratory Organs. —With very few exceptions Amphibia possess external 
gills in the larval state, and, in the perennibranchiate Urodela, these organs are 
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retained throughout life. 7 hey arc branched sti uclures, abundantly supplied 
with blood, and springing fiom the dorsal ends of the lirst three branchial 
arches. The epithelium covering them is ectodermal, so that they are cutaneous 
and not pharyngeal gills, and are of a totally dilfcrcnt nature from the so-called 
external gills of the embryos of Elasmobranchii and Holoccphali, which are 
only the filaments of the internal gills prolonged through the branchial 
apertures. 

Internal gills are developed only in the larva: of Anura. They appear as 
papillae on the outer borders of the branchial arches below the external gills. 
They closely resemble the internal gills of fishes and appear to be homologous 
with them, although it seems probable that their epithelium is ectodermal. 

In most adult Amphibia lungs are formed as outgrowths of the vcntr.d wall 



r<K< us Hcait and chief artoncs of Salamandn. A larva, H, adult af , br. a i—f, 
allerent branchial aiteues, b. ao bulbils aorta;; car.gl. caiotiil Ubjnnlh, r ait i onus arteriosus , 
d ao dorsal aorta; d hot ductfib Jtotalli, e\.br.i — 3 , cisternal gills, 11 / tar. external carotid, 
iNf ear internal carotid, l au left auricle, lug lung; pi plexus giving rise to carotid labyrinth , 
pul a pulmonary artery, t au right amide; v. ventricle (\ltered from Bo is) 

of'the oesophagus. The right and left lungs communicate with a common 
laryngo-tracheal chamber, supported by the cartilages of the larynx and opening 
into tiic mouth by a longitudinal slit, the glottis. In the more elongated forms, 
such as Siren, Amphiuma and the Gymnophiona, the laiyngo-traclical chamber 
is prolonged into a distinct trachea or wind-pipe, supported by cartilages, In 
many species of Salamanders the lungs are absent, and respuation is exclusively 
cutaneous and pharyngeal 

Circulatory Organs. —The heart always consists of a sinus venosus, right and 
left auricles, ventricle and conus arteriosus. The sinus venosus opens into the 
right auricle, the pulmonary vems enter the left, and the two are separated by a 
septum auncularum which fonns a complete partition m Anura, but In Urodela 
and Gymnophiona is more or less fenestrated, i.e. formed of a network of 
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muscular strands with intervening spaces. The conus arteriosus lias no longi- 
tudinal valve in the lower Urodela and the Gymnophiona, but is separated both 
from the ventricle and from the bulbus aortas by transverse rows of valves, 

In the perennibranchiate Urodela and in the larvae of the air-breathing 
forms the circulation is essentially like that of a fish. The bulbus aortas (Fig. 
315, A, b. ao.) f which represents an abbreviated ventral aorta, gives off four 
afferent branchial arteries (af. hr, a. 1—4), three to the external gills, and a 
fourth which curves round the gullet and joins the dorsal aorta directly. From 
each gill an efferent branchial artery brings back the purified blood, and the 
efferent arteries unite, in a somewhat irregular way, to form the dorsal aorta 
(d. ao.). Each afferent with the corresponding efferent artery constitutes an 
aortic arch. Short connecting branches unite the afferent and efferent artcrieR 
of each gill, carotids (ext. car., int. car.) arise from the first efferent artery, and, 
when the lungs appear, a pulmonary artery (pul. a.) is given off from the dorsal 
portion of the fourth aortic arch of each side. In those Urodela which in the 
adult condition are devoid of gills, when the latter atrophy (II) the first aortic 
arch loses its connection with the dorsal aorta, and becomes the carotid trunk; 
the second increases in size, forming the main factor of the dorsal aorta, and 
becomes the systemic trunk; the third undergoes great reduction, and the 
fourth becomes the pulmonary artery, its dorsal portion retaining its connection 
with the systemic trunk in the form of a small connecting branch, the duettis 
BotaUi (d. hot.). In the Anura, as we have seen (p. 321), the third arch vanishes 
completely, and there is no ductiis ltatalli. 

As to the venous system, the Urodela exhibit very clearly the transition 
from the fish-type to the condition already described in the Frog. The blood 
from the tail is brought back by a caudal vein (Fig. 316, Caud. V.), which, on 
reselling the coelome, divides into two retail portal veins, one going to each kidney. 
From the kidney the blood is taken, in the larva, into paired cardinal veins, 
each of which joins with the corresponding jugular to form a precaval vein. 
In the adult the anterior portions of the cardinals undergo partial atrophy, 
becoming reduced to two small azygos veins (Card, post.) which receive the blood 
from the region of the back: their posterior portions unite and are continued 
forwards by a new unpaired vein, the postcaval (V. cava, inf.), which, joined by 
the hepatic veins, pours its blood into the sinus venosus. The iliac vein from 
the hind-leg divides into two branches: one joins the renal portal, the other, 
representing the lateral vein of Elasmobranchs, unites with its fellow in the 
middle ventral line to form the abdominal vein (Abd. V.) and joins the hepatic 
portal, its blood after traversmg the capillaries of the liver, being returned by 
the hepatic vein into the post-caval. 

The red corpuscles are oval and nucleated, and are remarkable for their 
unusual size. Those of Amphiuma are the largest known, being about i\ nun. 
in diameter, or eight times that of a human red corpuscle. 
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In. ji 6- Milmndn maculoa. Venous system, diagrammatic, from the vential aspect. 
Abd V abdominal vein; Card poit. [Az) t arygos vom, (and. V . caudal vein; Out. mi left 
musuilu-Lutaneous vein; Cut. m\ the same on the right side (partly removed); D, intestine, 
Duct. Cuv precaval vein, If. heart. Jug ext external jugular, fug tnt. internal jugular; J *g V . 
mesenteiic vein; L. Pf. hepatic portal system, J-. V. hepatic vein, N, kidney, biter. Pft. Kr. 
renal portal system, itn. ven sinus venosus v Sulci. subclavian vein f V. adv . branches of renal 
portal vein, I'. Cava %nf. postcaval, 1'. tliata, iliac vein; V. tev renal veins; *, cloacal veins f 
f. branch of iliac to renal portal vein; ff. lateral vein. (Fmm Wiedersheim's Comparative 
Anatomy) 
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Harrow System and Sense-Organs. Ihe hain of IJiodela ditteis fumi tliat 
of the Frog in its mote elongated and slendei form, in the comparatively small 
size of the optic lobes, and in the non-union of the olfactory bulbs. The 
olfactory sacs always open into the mouth by posterior nait', situated behind or 
external to the vomers The eye has no lids m the lower forms and »s degenerate 
in the cave-dwelling Proteus and in some Gyqjnophiona The Urodela, the 



uwfft/f) 

lie *17- 1 liagiams of minuet nitiloigui ofnnl« ( 1) andfemale ( 7 >) Urodele. a, < uUiLting 
tubes, GN, sexual portion oi kidmy He testis l h ' (f/i) Woltfian duit mg mg’ vcstigal 
Mullerian duct of male hi f, [Ori) nwduit A item mmiiI portion of kidnty, Oi ovarv Vr, vasa 
e fferentia f lon gitudinal lmi! (Pinm WitderOii ira s Lavipaiatue inatomy alter Spcngel) 

Gy mnophio na, and some Anura have uo tympana t avity 01 mcmbiane, and 
no fol\ime-lla , there is, however, a stapes (tigs 295, stp) in the form of a nodule 
of cartilage inserted m the fenestra ovahs In the percnmbranchiate Urodeles 
and in the larvae of the dir-breathing forms lateial-line sense-organs are present 
There was an extensive lateral-line system, leaving its impress on the bones of 
the skull, m the Stegocephala. 

Urinogenital Organs. In the Urodela the kidneys (Fig 317, N) are mu< h 
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elongated «iud aic divided into two portions, a broad posterior part* the 
functional kidney {GN), and a nairow anterior sexual part connected in tlje 
qgple witli the elterent ducts of the testis. Numerous ducts leave the kidney 
and open into the Wolffian (mesonephric) duct [Ig. (l/r.)J, which thus acts as a 
" ureter ” in the female, as a urinogenitaJ duct in the male. The oviduct \mg. 
[Od.)] is developed from the Mullerian duct, a rudiment of which {mg., mg'.) 
occurs in the male. In the Gymnophiona the kidneys extend the whole length 
of the coelome, and in the young condition are foimed of segmcntally arranged 
portions, each with a nephrostomc and a glomerulus, as in Myxinoids (see 
p. 144). A pronephros is present in the larva, but disappears in the adult. A 
urinary bladder is almost always present, opening into the cloaca and having 
no connection with the mesonephric ducts. In some Gymnophiona the cloaca 
can be protruded and acts as a penis. 

Reproduction and Development. —External impregnation takes place in 
Anura, but in many Urodcla the sperms arc aggregated into spermatophons 
by glands in the wall of the cloaca, and these, being deposited on the body 
of the female, are taken into the cloaca and effect internal impregnation. 

Several curious instances of parental care arc known. A number of different 
species of Frogs and Toads construct nests or shelters of leaves or other materials 
in which the eggs are deposited and in which the young are developed. In the 
Obstetric Toad {Alytes obstetricans) of Europe the male winds the strings of 
eggs—formed by the adhesion of their gelatinous investment —round his body 
and thighs, where they are retained until the tadpoles are ready to be hatched. 
In Rhinodetina da mini, a little South American Frog, the eggs are transferred 
by the male to his immense vocal sacs, which extend over the whole ventral 
surface, and there hatched. In another Anuran, Nototrema (Fig. 318), there is a 
pouch on the back of the female in which the eggs are stoicd, the young being 
hatrhed in some species as tadpoles, in others in the adult or Frog form. In 
the Surinam Toad {Pipa americana. Fig. 319) the skin on the back of the female 
becomes soft and spongy during.the breeding season : the eggs are placed on 
it by the male, and each sipks into a little pouch of skin covered by a gelatinous 
film. Tlie embryos, which have a large yolk-sac, develop in these pouches; 
they nevci possess external gills, and are hatched in tlie adult form. In the 
case of several species the tadpoles are carried about by the female, adhering 
to her dorsal surface by suckers or by a viscid secretion. Another Anuran 
Pseudts paradoxa, is remarkable for the fact that the tadpole is many times 
larger than the adult. 

Some Salamanders ( 5 . maculosa and S. atra) and a species of Caecilia are 
viviparous. In the Black Salamander (S. atra) , though many eggs are developed 
only two lame survive, one in each oviduct, these being nourished in latfcr 
stages by means of the remainder of the eggs. The larva in this species possesses 
long plume-like external gills during its existence in the oviduct, shedding them 
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b^fctfo buth. It, huwpvri, llu unltrnn jonug is rtnumd fioni the oviduct and 
placed in water, it swims about lik< an oidinary aquatic Luvj, losing its long 
gills and developing a new and shortt r set Qtfost tiymnophiona lay their 
Oggs in burrows, but the Luva? in some cases lead an aquatu life foi a time, and 


1 



Iig 3j6- Hototrema mar- 1 tu i j Pipa amcno&na. 1 cmtie 

flaputam. I emalt with pouch (1 rom Mivart) 

npcm d (1 rom Mivart) 


during tin-* period i>ossess, like 1 ltlpoles, a tail with i t ul-fin which afterwards 
undergoes absorption J Ik larva. of most C *\ nmoplnona have long external 
gills (Fig 320) ) 



Jig v° Xchihyophu glutJnosa, \ t j mtuh ripe unbryu uitli gills tail fin mil still 
with a considerable amount of yolk 2 lemale gu irrling lui egg* roiled up in a liok underground 
9 a bunch of newh laid eggs 4 a single egg cnl u a t d schematise dto show tin twisted albuminous 
strings or (halaza* withiu thr outir membrane which surrounds the white of the egg (\ftcr 
P and Jf Sarasm) 

A veiy interesting case of padogencsis is iuinislicd by the Axolotl (Ambly- 
ttonta tignnum) This animal frequently undergoes no metamorphosis, but 
breeds in the gillod or larval state (Fig 321) But undei certain circumstances the 
gills are lost, the gill-slits close, and a terrestrial salamaniliine form is assumed 
vol. 11 . 2 A 
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If is to the branchiate stage that the name Axolotl properly applies; before the 
metamorphosis was discovered-its connection with Amblystoma was not 
suspected, and it was placed in a distinct genus, Siredon, among the Pefenni- 
branchiata. 

Segmentation of the egg in the Anura and Urodela is always complete but 
unequal. In Pipa and Alytes there is a large quantity of food-yolk, and the 
developing embryo lies on the surface of a large yolk-sac. / In the Gymnophiona 
the eggs, which are singularly like those of a bird, are of Uurge size, and segmen¬ 
tation is partial, the formation of segments at the pole of the egg opposite that 
at which the formation of the embryo begins taking place only at the stage of 
gastrulation: the embryo is coiled over the surface of the yolk as in the 
Trout. 

Distribution.— The Urodela are almost exclusively Palaearctic and Nearctic 
forms, occurring in North America, Europe, Asia and North Africa: a few 
species extend southwards into 
the Neotropical and Oriental 
regions. The Gymnophiona, on 
the other hand, are mainly 
southern, occurring in the 
Neotropical, Ethiopian and 
Oriental regions, but are absent 
in Australasia and the Pacific 
Islands. The Anura are almost 
universally distributed, and are 
abundant in all the greater zoo- 
geographical regions : they are, however, represented by only one species in 
New Zealand, and are absent in most oceanic islands, a fact due to the fatal 
effects of salt water upon the eggs and embryos of Amphibia as well as upon 
the adults. 



Vig. 321.— AmUyatoma tigrinnm. Larval or 
Axolotl stage. (From Mivart.) 


The Origin and Relationships of the Amphibia. 

Since Amphibia were the first vertebrates to adapt themselves to life on 
land, much of their interest lies in the way in which they fulfilled the various 
requirements for such a profound change of environment. A fish which is to 
adapt itself to life on land must be able to breathe oxygen directly from the air 
as it would no longer be able to use gills; to move without the aid of water to 
support its weight ; to resist l oss of_ wate r through its skin . The lateral-line 
sense-o rgan can no longe r fun ction, and so ofa disappears exce pt in the l arvae 
anjT some primi tive for ms. A comparison ortEe earliest"Amphibia with some 
palaeozoic fishes shows many resemblances between the embolomeious Labyrin- 
thodonts and the Osteolepids of the Devonian. This is particularly marked 
in the general structure of the skulls (Fig. 301B); in the similar " labyrintho- 
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dont ’* pattern of the teeth; in the possession of large palatal" tusks/' and the 
persistent fish-like character of the shoulder-girdle of such forms as Eogyrinus. 
And the comparison of the two types throws some light on the probable mode 
of origin of some of the tetrapod structures 

That lungs of a simple type had already been evolved Dy the early bony 
fishes is demonstrated by the development of internal and, external narcs in 
some of the Osteolepids, by the retention of functional lungs in the modem 
Dipnoi, and of the air-bladder, a modified lung, in the Teleosts. For sup¬ 
porting the weight on land the limb-girdles were strengthened by the addition 
of an intcrdavicle bracing the two halves of the shoulder-girdle together, and 
. by the attachment of the pelvic girdle to sacral ribs. Unfortunately we know as 
yet no animal with a limb-structure intermediate between that ol the fish paired 
fin and the penta dactyl limb, but fishes are known to-day in which the pectoral 
fins have the anterior part modified and strengthened, so that while they use 
the fin when swimming, it can also be used to suppmt the body on the bottom or, 
in some cases, on land, and the structure ol the inis of some of the Osteolepids 
suggests that the pentadactyl limb may have arisen in an analogous way. The 
early Ainpliihia tended to inherit the scales ol their fish ancestors, but later 
these were lost, and in the living forms there are murous glands in the skin 
wliirh prevent excessive loss of water. The lateral line system was lost in the 
land-living adults, but was retained in the larva-, and is present in the larva; 
of modem Amphibia. 

It is plain 1 mm a study of the Amphibi.ilhat the Permian and later forms 
had already become far loo specialised to have been ancestral to the reptiles 
(traces of which older arc found in the (. uiboniferous), but the earliest reptiles 
are so similar to the carboniferous LnbyrinUiodonts that it is ollen hard to 
distinguish between them, and their relationship seems very close. The prin¬ 
cipal ditterence between them lies in Ihe composition of the vertebrae, for while 
the amphibia tended to reduce the posterior plcuioccntra, the reptiles reduced 
the anterior intcTcontr.i and evolved what arc known as gastrocentrous 
vertebrae (Fig. J02). 

The recent discover} 7 of a Frog ancestor, Protobatrachus mussinoti, may solve 
the problem of the origin of the order Annra. In this animal the skull is similar 
to those of modern Frogs, except 1h.it an opislhotic lias been retained, the ribs 
are shorl, and tin- skin impression shows it had a Img-like waist. 'Hie presacral 
vertebrae arc reduced in number, although there are more than eight, and Ihere 
are free caudal vertebra. 'Ihe ionn is Irog-likc in having an elongated ilium 
and a fairly long lemur, but the radius and ulna and the tibia and fibula are not 
fused. The critical question, the structure of the vertebra, is not yet settled, 
but the centra were evidently well ossified. Palaobatraihvs was found in the 
Lower Trias ot Madagascar, while the earliest true Frog remains occur in the 
Upper Jurassic. 
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CLASS. REPTILIA. 

Introduction. 

Reptiles, birds, ami mammals arc grouped together because they have 
certain features in common iu which they differ from the lower vertebrates. 
The most important of these is the occurrence in all three classes of two embry¬ 
onic membranes termed the amnion and allaniois, to be described subsequently. 
In addition, they have gastrocentrous vertebrae (p. 337) and a metanephric 
kidney. Accordingly the term Amniota is used for the group formed by these 
three highest classes of the vertebrates, while the Fishes and Amphibia are 
referred to as the Anamniota. 

The division of the Amniota into three classes the icptiles, birds, and 
mammals is kept because it is convenient, but it is unsatisfactory, since it 
does not present the true phytogeny. It has been shown that the amniote 
stem divided at a very early stage, one line giving rise to a number of orders of 
mammal-like “ reptiles " and the mammals, whilst the other gave rise to the 
majority of “ reptilian " orders anil to the birds. In view of this history it 
would lie better to express the phytogeny by placing the earliest, ampliibian- 
like members in a class Phot os \uiu the tnanumd-likc reptiles and their descen¬ 
dants, the mammals, in a class Thfrufsid v, and the typical reptiles and the 
birds in a cla-s Sauropsid v. This diphyletic evolution, togethei with the fact 
th.it icptiles were extremely abundant and varied in form during the Mesozoic 
era, makes it very diilicult to giv e an entirely satisfactory definition of a reptile, 
which can only be described as an amniote which .lacks the diagnostic features 
of either mammal-, or birds. 

The class Keptilia comprises four orders having living representatives, in 
addition to many extinct orders. I11 the Mesozoic period the class reached its 
maximum both in the number ol its representatives anil the .size w’lnih many 
ot them attained, at that period they weie very unmistakably the dominant 
class ot the Animal Kingdom In the Tertiary peliod they underwent a timeline, 
while the birds and, in a yet higher degree, the mammals, were g.dning a pie- 
ponderanre over them. I lie living icptiles arc the Lizards and Chamaelcons ; 
the Snakes; the 1 uatarns; Tortoises, and Turtles; and the Crocodiles and 
Alligators. Though homy scales are not by any means present in all the lep- 
tiles, their occurrence as a complete covering is characteristic of the group and 
almost peculiar to it. When scales are not present, the epidermis is alwavs 
hardened and ramified so as to form plates of horny material, such as the homy 
plates of the 'Tortoises, which piotect the underlying parts from injury and 
desicration. Bony plates arc frequently present as well. In most respects 
the internal structure of the Reptilia shows a very decided advance on that of 
the modern Amphibia. 'The skull and the pectoral and pelvic arches are more 
completely ossihed, anil both vascular and nervous systems show a higher grade 
of organisation. 
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llAAMI'Ll, Ml I/II U.VS-, \ I IZVKIi \LiUtlUl). 

The most striking external diltrmu i-s between Hu* Lu,ml (Fig. and the 

Frog arc the covering ol scales, the comparative sm.Ulness of the head, and the 
presence of a distinct neck, the great length ot the caudal region, the shortness 
of the limbs, and the approximate equality in length ot the anterior and pos¬ 
terior pairs. The anterior limbs an' situated just belmid the neck, springing 
from the trunk towards the ventral surface. 1 lie lore-limb, like that ol the 
Frog, is divided into three purls : the upper-arm or hrachium, the lore-ann or 
anti-brachium, anil the hand or man ns ; there arc li\ e digits provided with horny 



lu- ... Lacerta viridu. (\tUi Jlulim j 

claws, the first digit or pollex firing the smallest. 1 lie hind-limbs arise 1mm 
the posterioi end of the trunk towards the ventral aspei i; each, like that ot 
the Frog, consists of three divisions thigh or femur, shank or i rits, and foot or 
pcs, The pes, like the inanus, leiminatts in live ilawed digils, of which the 
first or hallux is the smallest. The head is somewhat pyramidal, slightlv 
depressed: the openings ol the external nares are situated above the anterior 
extremity. The mouth is a wide slit-like apertuie running found the auterior 
border of the head. At the sides are the ryes, each provided with upper aud 
lower opaque, movable eyelids and with a transparent third eyelid or nictitating 
membrane, which, when withdrawn, lies in the anterior angle of the orbit. 
Behind the eye is a circular brown patch of skill -the tympanic membrane - 
corresponding closely to that of the Frog, but somewhat sunk below the general 
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level of the skin. The trunk is elongated, strongly convex dorsally, flatter at 
the sides and vontrally, At the root of the tail on the ventral surface is a slit¬ 
like transverse aperture—the anus or cloacal aperture. The tail is cylindrical, 
thick in front, gradually tapering to a narrow posterior extremity; it is nearly 
twice as long as the head and trunk together. 

There is an exoskeleton of horny scales covering all parts. These are formed 
from folds of the dermis, each covered with a thick horny epidermal layer. 
In size they difler in different positions. On the dorsal surface of the trunk 
they are small, hexagonal, and indistinctly keeled; on the ventral surface they 
are larger and are arranged in eight longitudinal rows. Immediately in front 
of the cloacal aperture is a large pre-anal plate. A collar-like ridge of larger 
scales surrounds the throat. On the tail the scales are elongated, keeled, and 
arranged in regular transverse (annular) rows, giving the tail a ringed appear¬ 
ance. On the surface of the limbs the scales of the pre-axial (radial or tibial) 
side are larger than those of the post-axial (ulnar or fibular). The scales on 
the upper surface of the head ( head-shields ) are laige, and have regular and 
characteristic arrangement. 

Endoskeleton. —The vertebral column is of great length and made up of a 
large number of vertebra. It is distinctly marked out into regions, a cervical 
nf eight vertebra, a thoraco-lumbar of twenty-two, a sacral of two, and a caudal 
of a considerable but indefinite number. A verlebra from the anterior thoracic 
region (Fig. 323, A, B) presents the following leading features. The centrum 
{cent.) is elongated and strongly procalous, 1.0., the anterior surface is concave, 
the posterior convex; the neural arch bears a short neural spine (sp.). There 
are pre- and post-zygapophyses [pr. zy. pi. zy.), the former with their articular 
surfaces directed upwards,' the latter downwards. On each side at the junction 
of centrum and neural arch is a facet the (apitular facet —for the articulation 
of a rib. The cervical vertebra in general are similar in essential respects to 
those of the trunk, but are somewhat shorter. The first two, however, difler 
greatly from the others. The first is the atlas (C, D). It has no distinct centrum, 
but is in the form of a rin’gj ventrally on its anterior face it bears a smooth 
articular facet for the occipital condyle of the skull. It consists of three distinct 
ossifications, one ventral, the others dorso-lateral: the latter do not quite meet 
dorsally, being separated by a space bridged over by membrane. The second 
or axis (£) has a short conical process— process [od.) —projecting 
forwards from its centrum. In the natural position of the parts the odontoid 
process—which is a part of the centrum of the atlas, and is not actually fused 
with, though firmly fixed to, the axis—lies in the lower or ventral part of the 
opening of the atlas, separated by a ligamentous band from the upper portion, 
which corresponds to the neural aittuSBMudgW ‘the anterior end of the spinal 
cord. On the ventral surface of the axis and of each of the following five or six 
vertebra is a distinct bony nodule, sometimes termed the intercentrum or 
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T he sacral vertebrae have short centra and rtrongek- 

m sepaucately ossified, and are to be iooked upon as sadral ribs. The antrtioh 
caudal yertebrseare like the satcrkk but have the centra longer, the transverse 
processed ihore slender, and the neural spines longer. The posterior caudal 
vertebr* become gradually smaller as we pass backwards, and the various 
processes reduced in prominence, until, at the posterior end of the tail, the whole 
vertebra is represented merely by a rod-like centrum. Attached to the ventral 
of the centra of a number of the anterior caudal vertebrae are Y-shaped 



Fig. 323.' —Vertebra; of Ltaud. A. 
anterior; U, posterior view of a thoracic 
vertebra; C\ lateral, D, anterior view of 
atlas vertebra; E, lateral view of aids. 
cent, centrum; hyp. hypapophysis of axis; 
lot. lateral piece of atlas; lig. ligamentous 
band dividing the ring of tlic atlas into 
two; neur. neural arch of atlas; od. 
odontoid process; pr. zy . prezygapophysis ; 
pt. xy. poat-zygapophysis; rh. rib; sp. 
spine; vent, ventral piece of atlas. 



Fig. 32d.— Pectoral arch and sternum of 
Laoerta agilis* cl. clavicle; cor. coracoid; op. 
cor. epicoracoid; epist. epistemum; gUn. glenoid 
cavity for head of humerus; pr. car. procoracoid; 
r. 4 first to fourth sternal ribs; sc. scapula; 
st. sternum; spura. sc. suprascapula. (After 
Hoffmann.) 


bones—the chevron bones —the upper limbs of the Y articulating with the 
vertebra, while the lower limb extends downwards and backwards. In nearly 
all the caudal vertebrae the centrum is crosseiTby a narrow transverse uiiossified 
Zone through which the vertebra readily breaks. The ribs are slender curved 
rods, the vertebral ends of which articulate only with the capitular facets of the 
corresponding vertebrae, there being no direct articulation with the transverse 
processes. The ribs of the five anterior thoracic vertebrae are connected by 
means of cartilaginous sternal ribs with the sternum. The posterior thoracic 
ribs do not reach the sternum, the sternal ribs being very short, and free at 
their ventral ends. The cervical ribs, which are present on all the cervical 
vertebrte with the exception of the first three, are all shorter thain the thoracic 
ribs, and hone of them is connected with the sternum. Jhus, as regards the 
structure of the vertebrae themselves, there is nothing to distinguish the 
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posterior cervical from the anterior thoracic; but, ior convenience of description, 
the first thoracic is defined as the first vertebra having ribs connected with the 
sternum. 

The sternum (Fig. 324, st.) is a rhomboidal plate of cartilage with a small 
central space, or fontanette, completed by membrane. Posteriorly it is produced 
into two slender fla ttened processes. On its anterolateral borders are articular 
surfaces for the bones of the pectoral arch, and on its postero-lateral borders 
and the processes are sinal] facets for the sternal ribs. 

In the skull (Fig. 325) the chondrocranium, though persistent, is rqilaccd 
by bones to a much greater extent than in the Frog, and the number of invest¬ 
ing bones is much greater. On the dorsal and lateral surface are a large number 
of dermal roofing bones. At the posterior end the rounded aperture of the 
foramen magnum (for. mag) is surrounded by four bones—a basioccipital (has. 
oc.) below, exocciptials (ex. or.) at the sides, and a supraoccipital (supr. oc.) 
above. The basioccipital forms the floor of the most posterior portion of the 
cranial cavity; posteriorly it bears a rounded prominence, the occipital condyle 
(oc. coni ). In front of it, forming the middle portion of the floor of the cranul 
cavity, is the basisphenoid (l/as. sph.), not represented in the Frog, in front of 
which again is an investing bone, the parasphenoid (para.), corresponding to 
the bone of the same name in the Frog and Trout, but here much reduced in 
size and importance and ankylosed with the basisphenoid. 

In the wall of the auditory capsule are three ossifications— pro-otic, epiutii, 
and opisthoUc (op. ot.). The first remains distinct, the second becomes merged 
in the supraoccipital, and the third in the exocdpital. The exoccipital and 
opisthotic are produced outwards as a pair of prominent horizontal processes, 
the parotic processes 

The large orbits are closely approximated, being separated only by a thin 
vertical interorbilal septum. The cranial cavity is roofed over by the parietals 
(par.) and frontals (fr .). The former are united together; in the middle is a 
small rounded aperture—the parietal foramen (par f). The 1 rentals remain 
separated from one another by a median frontal suture : between them and 
the united parietals is a tranverse coronal suture. The nasal cavities are 
roofed over by a pair of nasals (tias). A small pie-frontal (pr fr.) lies in the 
front of the frontal, and helps to bound the orbit anteriorly, and another small 
bone—the lacrymal (ler) -perforated by an aperture for the lacrymal duct, 
lies at the anterior extremity of the orbit, just within its border. A row of small 
bones— the supra-orbitals (s. orb.) -bounds the orbit above, and behind is a 
post-orbital or lateral post frontal (pt. orb.) aitirulating with the frontal. Just 
behind the post-orbital is a supra-tempotal bone (supra t. 2), in close relation to 
which arc the quadrato-jugal (sq.) and squamosal (supra t.2), 1 the former bending 

1 There* is not as yet any agreement as to the true homologies of some of these bones. They 
die aUo called squamosal and tabular. 
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forwards and upwards to form with the post-orbital the superior temporal arch. 
At the anterior extremity of the snout is a median bone formed by the coal- 



1 ic> 3.5—Skull of Lwarta win. 1 from above B fiom below, C from the side 
aug lingular art articular has oc Ihsi occipital lab pig basipterygoid processes bas sph 
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jugal hr lacryxnal * max maxilla uat nisal tc cond occipital condyle off olfactoiv 
capsule opt ot upisthotic opt n optunenr pal pilLtinc par p met cl pat a \t xrasplienoid 
par f perietal forimen p mx piemaxilla fit ft prefrontal pig pterygoid pt otb post 
orbital or lateral post frontal qu quadrate s ang supra angular s orb Mipra orbitals sq 
piraquadrate supra t i supratempoi xl i supra t s squamosal tram transserse or 
<ctupterygnid stihr oc suprx occipitil tom vomer Ihe unlettered bone internal to ptorb 
in 4 is the post frontil Ihc transverse line behind /r is a superficial mark not a suture 
(\fterW X Pukci) 


escence ol the tuo premaxiUee [p mx), this bears the foui anteiior teeth of each 
side On each side behind the premaxilla is the maxilla (max), consisting of 
two portions, on alveolar bearing dll the rest of the teeth, and a palatine 
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extending inwards on the roof of the mouthi together with an ascending process 
articulating with the nasal and pre-frontal above. Articulating behind with 
each maxilla is a jugal {ju), which forms the posterior half of the ventral boun¬ 
dary of the orbit. The quadrate (qu.) articulates movably with the parotic 
process, and bears at its distal end the articular surface for the mandible. 

In the anterior portion of the roof of the mouth, articulating in front with 
the premaxilUe and maxilla, are the vomers (vom.). Behind and embracing 
them posteriorly are the flat palatines {pal.). The elongated pterygoids (ptg.) 
articulate in front with the posterior extremities of the palatines: behind each 
articulates with the corresponding basi-pterygoid process {bos. ptg.) of the basi- 
sphenoid, and sends back a process which becomes applied to the inner face of 
the quadrate. A stout bone which extends between the maxilla externally and 
the pterygoid internally is termed the transverse bone or ecto-pterygoid ( trans .). 
Extending nearly vertically downwards from the pro-otic to the pterygoid is a 
slender rod of bone, the epi-pterygoid {col.). 

The columella is a small rod partly roniposed of cartilage and partly of bone 
the outer end of which is fixed into the inner surface of the tympanic membrane, 
while the inner is attached to a small aperture, the fenestra ovatis, in the outer 
wall of the auditory capsule between the pro-otic and the opisthotic. 

Certain depressions or fossa: and apertures or foramina are to be observed 
in the skull. The foramen magnum , the parietal foramen and the orbits have 
already been mentioned. The posterior te mporal fossa is situated on cither side 
of and above the for amen magnum , bounded above and externally by the roof¬ 
ing bones, and on the inner side by the hones of the occipital region. The 
inferior t e mpo r al fossa is bounded internally by the pterygoid, and is separated 
from the palatine foramen by the transverse bone. The lateral temporal fossa 
is the wide space in the side wall of the skull behind the orbit; the bony bar 
which limits it above is the superior temporal arch ; a bony inferior temporal or 
quadratojugal arch is here absent. The tympano-eustachtan fossa, situated in 
the auditory region, is bounded by the bones of that region together with the 
quadrate. The posterior or internal nares are bounded posteriorly by the 
palatines. The anterior or external nasal aperture is situated at the anterior 
extremity of the skull bounded by the nasals and premaxilUe. 

Each ramus of the mandible consists of six bony elements in addition to the 
slender jiersistent Meckel's cartilage. The proximal element is the articular 
{art), which bears the articular surface for the quadrate, and is produced back¬ 
wards into the angular process. The angular {ang.) is a splint-like bone 
covering the ventral edge and the lower half of the outer surface of the articular. 
The supra-angular {s. ang.) overlies the dorsal edge and upper half of the outer 
surface of the same bone. The dentary {dent.) forms the main part of the distal 
portion of the mandible, and bears all the mandibular teeth. The spienial is 
a flat splint applied to the inner face of the dentary. The coronary {cor), a 
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small, somewhat conical bone, forms the upwardly directed coronoid pi ocess 
immediately behind the last tooth. All these, with the exception of the arti¬ 
cular, are investing bones. 

The hyoid apparatus (vide Fig. 330, b. hy.) consists (1) of a median cartila¬ 
ginous rod, the basi-hyal, (2) of the anterior cornua, elongated cartilaginous rods 
which, connected ventrally with the basi-hyal, curve round the gullet and end in 
close relation with the ventral surface of the auditory capsule, (3) of the middle 
cornua, rods of cartilage ossified at their proximal ends, and (4) of the posterior 
cornua, cartilaginous rods arising from the posterior edge of the basi-hyal and 
passing backwards and outwards. The middle cornua arc vestiges of the first, 
the posterior of the second branchial arch. 

✓ In the pectoral arch (Fig. 324) the coracoids are flat bones articulating with 
the antero-lateral border of the sternum, and bearing the ventral half of the 
glenoid cavity ( glen .) for the head of the humerus; a cartilaginous epicoracoid 
{ep. cor.) element lies on the inner side of the procoracoid and coracoid; a large 
gap or fenestra divides each coracoid into a narrow anterior portion—the 
procoracoid [pr. cor,), and a broader posterior portion, the coracoid proper (cor.). 
The scapula (sc.) articulate with the outer ends of the coracoids, and each bears 
the dorsal half of the glenoid cavity. Dorsally, the scapulae become expanded, 
and each has connected with it a thin plate of partly calcified cartilage—the 
suprascapula (supra, sc.), which extends inwards towards the spinal column on 
the dorsal aspect of the body. An clement not hitherto met with, except in the 
Stegocepliala (p. 355), is the interdavicle or cpistemum (epist), a cross-shaped 
investing bone, the stem of which is longitudinal and is in the posterior portion 
of its extent closely applied to the ventral surface of the anterior part of the 
sternum, while the cross-piece is situated a little in front of the scapula. The 
clavicles (cl.) are flat curved bones articulating with one another in the middle 
line and also with the anterior end of the inlcrclavide. The bones of the 
fore-limb consist of a proximal bone or humerus, a middle division composed of 
two bones—the radius and ulna— and a distal division or mawus. In the 
natural position of the parts the humerus is directed, from the glenoid cavity 
with which it articulates, backwards, upwards, and outwards; the radius and 
ulna pass from their articulation with the humerus downwards and slightly 
forwards, while the manus has the digits directed forwards and outwards. 
When the limb is extended at right angles to the long axis of the trunk, it 
presents, like that of the Frog, dorsal and ventral surfaces, and pre-axial and 
post-axial borders. In this radius is seen to be pre-axial, the ulna post-axial. 
In the natural position the pre-axial border of the humerus is external, and the 
distal end of the fore-arm is rotated in such a way that, while the pre-axial 
border looks forwards and outwards at the proximal end, it faces directly 
inwards at its distal end, the manus being rotated so that its pre-axial border 
looks inwards. 
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TUq humerus is a long bone consisting of a shall and two extremities, each of 
the latter being formed of an epiphysis oi calcified cartilage, the proximal 
rounded, the distal (trochlea) pulley-like, with two articular surfaces, one for 
the radius and the other for the ulna. The radius is a slender bone consisting 
like the humerus, of a shaft and two epiphyses; the distal extremity has a 
concave articular surface for the carpus, and is produced pre-axially into a 
radial styloid process. The proximal end of the ulna is produced into an up¬ 
wardly directed process—the olecranon: the distal end bears a convex articular 
surface for the carpus. The carpus (Fig. 326) is composed of ten small polyhe¬ 
dral or rounded carpal bones. These consist of a proximal row containing three, 



Fig \2h - ( arpus of 
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viz., the radiate (r.) ulnare («.), and intermedium (».), of u centrale (c.), and of a 
distal row of five (1-5); with an accessory or pisiform (f) bone attached to the 
distal epiphysis of the ulna on its post-axial side. The first digit or pollex 
consists of a inetacaipal and two phalanges, the second ol a metacarpal and three 
phalanges, the third of a metacarpal and four phalanges, the fourth of a meta¬ 
carpal and five phalanges, and the fifth of a metacarpal and three phalanges. 
The number of phalanges in the first four digits is, therefore, one more than the 
serial number of the digit. 

The pelvic arch (Fig. 327) consists of two triradiate bones, the ossa inno- 
minata, each ray being a separate bone. On the outer side at the point from 
which the rays diverge is a concave articular surface—the acetabulum (Ac.) — 
for the head of the lemur. From the region of the acetabulum one of the rays, 
the ilium (/.), a compressed rod, passes upwards and backwards to articulate 
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with the sacral region of the spinal column. A second ray—the pubis (p .)— 
passes downwards and forwards to meet its fellow in the middle line, the arti¬ 
culation being termed the pubic symphysis. In the middle line in front, 
between the anterior ends of the pubes, is a small nodule of calcified cartilage, 
the epipubis [Cep.). The third ray or ischium (Is.) runs downwards and back¬ 
wards, and articulates with its fellow in the ischiatu symphysis, the ventral ends 
of the two bones being separated by a plate of calcified cartilage (S. Is.). 
Between the pubes and ischia is a wide space, the obturator foramen, divided by a 
median ligament (Ig.) into a pair of apertures, and a smaller aperture in each 
pubis (Fo.) transmits the obturator nerve. A small rod of l>one, the os cloaca, 
or hypoischium ( Hp . Is.), passes backwards from the ischiatic symphysis and 
supports the ventral wall of the cloaca. 

The hind-limb consists, like the fore-limb, of throe divisions; those are 
termed respectively the proximal or femur, the 
middle or crus, and the distal or pes. The 
proximal division consists of one bone, the femur ; 
the middle division of two, the tibia and fibula ; 
the distal of the tarsal and metatarsal bones and the 
Phalanges. When the limb is extended at right 
angles with the trunk, the tibia is pro axial and 
the tihula post-axial: in the natural position of 
the parts the pre-axial border is internal in all 
three divisions of the limb. The femur is a stout 
bone consisting of a shaft and two epiphyses. 

The proximal epiphysis develops a rounded head 
which fits into the acetabulum ; near it on the pre- 
axial side is a prominence, the lesser trochanter, and a nearly obsolete pro¬ 
minence on the post-axial side represents the greater trochanter The distal 
extr emi ty is pulley-shaped, with internal and external prominences or condyles 
for articulation with the tibia; immediately above the external condyle is a 
prominence or tuberosity for articulation with the fibula. The tibia is a stout, 
curved bone, along the anterior (dorsall edge of which runs a longitudinal ridge, 
the cnemial ridge : the promimal extremity presents two articular surfaces for 
the condyles of the lemur. The fibula is a slender bone, the proximal end 
articulating with the external tuberosity of the femur, the distal with the tarsus. 

The tarsus (Fig. 328) comprises only three bones in the adult, one large 
proximal bone, the tibio-fibulare ( tb. fb.), and two smaller distal (tars. dist.). 
P>rh digit consists of a metatarsal bone and phalanges, the number of the latter 
bwn g respectively two, three, four, five, and three. The first and second 
metatarsals articulate with the tibial side of the tibio-fibulare, the rest with the 
distal tarsals. 

Digestive Sys te m , -The upper and lower jaws, forming She boundary of 
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the Aperture of the mouth, are each provided with a single row of email conical 
teeth, and there is a patch of similar teeth {palatine teeth) on the palatine. 
On the floor of the month-cavity is the tongue, a narrow elongated fleshy organ, 

bifid in front. 

* _ The stomach (Fig. 329, M, Fig. 331, S<.) is 

a cylindrical organ but little wider than the 
oesophagus, and with thick muscular walls. At 
the point where the small intestine joins the 
large intestine or rectum, the latter is produced 
into a short cacum (Fig. 331, coec.). The liver 
(1 Ir .) is divided into right and left lobes, and a 
V gall-bladder (Fig. 329, GB.; Fig. 330, g.b.; 
Fig. 331, g.bl) lies at the lower margin of the 
right lobe. The pancreas {pn .) is situated in the 
loop between the stomach and first part of the 
small intestine or duodenum. The stomach 
j!f is attached to the body-wall by a fold of 
peritoneum, the tnesogasier, the small intestine 
by a fold termed the mesentery, the rectum by 
a mesorectmn. From the dorsal surface of the 
Pn liver to the stomach extends a thin fold, the 
gastro-hepatic omentum ; and this is continued 
backwards as the dmdeno-hepatic omentum, 
connecting the liver with the fust poition of the 
sin.ill intestine. 

Vascular System. -The heart is enclosed, 
like that of the Frog, in a thin transparent 
membrane, the pericardium. It consists of a 
sinus venosus, right and left auricles, and an 
i*ig Ltowte agiua. incompletely divided ventricle. Thc6?««s venosus 

natural relations. HI nnnaiv (Fig. 330, &. V.), UltO which the large veins Open, 
JP£ st ' w thin-walled, and has a smooth inner surface. 

H. heart, l. liver, Lg t Lg brom it a sinu-auncular aperture, guarded by 

Saii’Xlt.«?: a two M PI* d valve * leads t0 Urn right auricle. 

Pn. pamreas; fr trachea. The auricles have their inner surface^ raised up 
Anatomy) into a network of muscular ridges, the tnuMult 

pectinaii. Both auricles open into the cavity 
of the ventricle, the aperture of communication, or auriculo-ventricular 
aperture, being divided into two by the auricular septum, and guarded 
by the auriculo-ventricular valve, consisting of two semilunar flaps. The 
ventricle (Fig. 330, v.; Fig. 331, vent.) has very thick spongy walls and a small 
cavity divided iifto two parts by an incomplete muscular partition. From the 
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put of the ventricular cavity to the light of the partition arises the pulmonary 
artery, from the part to the left aie give n off the uglit and left aortic arches 
When the two auricles contract, the blood fioni the light auricle (venous blood) 



Fig 3)0—Laoorta vxndil Dissection lrom the 'wntril ispccl showing the alimentuv 
t irculatory respiratory, and urinogemtal mgaus (nat sire) In* liver (Ir ) is divided longi 
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is removed is also is the right adiposo body a co anterior coimi ot h> oid az a/ygos 01 
cardinal vein h hv body of hyoid c caudal vein c ad adipose body c m 1 ivliaco mesenteric 
artery ca cacum ri carotid artery d ao dorsal aorti du duodenum e ju extc rnal jugular 
vein ep epididsmis tp & epigastnr vein f a femoral arterv / v lemosnl vein g b gall 
bladder 1 ;« internal jugular vtin, 1/ ileum 1 m posterior mesenteru artones A kidney 
la 0 leIt aortic arch l ait left auricle Ig lungs h liver m co middle cot nu of hyoid, p a m 
pulmonary artery pc pericardium, p co posterior cornu of hyoid pn paiurea*, pi pelvic 
vein, pt f postcaval vein, ft v hepatic postal vein, p 1 pulmonary vein r rectum r au 
right auricle t h a right Hepatic artery sc sciatic vein, scl a subclavian arterv scl t 
subclavian sem spl spleen, it stomuh s v binub venowis th thyroid gland, it tnrlin, 
i testis, 1 ventricle (From Parker s Zootomy ) 
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tends to run more to the righl*liand inn lion ol the cavity of the ventricle 
while that from the left auricle (arterial) occupies the left-hand portion. When 
the ventricle begins to contract, its walls come in contact with the dorsal and 
ventral edges of the ventricular partition, thus completing the separation of the 
right-hand part of the cavity, containing venous blood, from the left-hand part, 
containing arterial and mixed blood; and the further contraction results in the 
driving of the venous blood through the pulmonary artery to the lungs and of 
the rest through the aortic arches to the head and body. (Vide Fig. 385.) 

From the fight aorta arise the carotid arteries (Fig. 330, cr .; Fig. 331, car. 
art.), and each runs for some distance parallel with the corresponding aortic arch, 
with which it anastomoses distally (the connecting part being termed the 
ductus caroticus), having previously given oil the carotid artery proper, by means 
of which the blood is carried to the head The two aortic arches curve backwards 
round the oesophagus, one on the right hand and the other on the left, and meet 
in the middle line dorsally to form the median dorsal aorta (Fig. 330, d. ao .; 
Fig. 331, dors. aort.). From the right arch, just in front of the junction, arise 
the two subclavian arteries (Fig. 330, s. cl. a.), right and left, each running out¬ 
wards to the corresponding fore-limb. From the dorsal aorta the first important 
branch given off is the avliaco-mesenteric (c. m.). Tliis shortly divides into two 
trunks, a cceliac (Fig. 331, cal. a.) supplying the stomach, spleen, pancreas, 
duodenum* and left lobe of the liver, and an anterior mesenteric supplying the 
posterior part of the small intestine. Three small posterior mesenteric arteries 
gi\jpn off farther back supply the large intestine. Posteriorly, after giving off 
renal and genital branches, and a pair of large iliacs to the hind-limb, the dorsal 
aorta is continued along the tail as the caudal artery (Fig. 331, caud. art.). 
Throughout its length, in addition to the larger branches mentioned, the dorsal 
aorta gives origin to a regularly-arranged series of pairs ot small vessels, the 
intercostal and lumbar arteries, giving off branches that enter the neural canal 
and others that supply the muscles and integument. 

The venous blood from the tail is brought back by means of a caudal vein 
(Fig. 330, c.). This bifurcates at the base of the tail to form the two pelvic 
(lateral) veins (pi .); these unite to form the median epigastric or abdominal (ep. 
g.), which eventually enters the left lobe of the liver. Entering the pelvic veins 
are the femoral and sciatic veins from the hind-limb. Arising from the pelvic arc 
the renal portal veins distributed to the substance of the kidneys. The efferent 
renal veins, carrying the blood from the kidneys, combine to form a pair of large 
trunks, which soon unite to form the median postcaval. The postcaval runs 
forwards towards the heart, and, after receiving the wide hepatic vein from the 
liver, enters the sinus venosus. 

Two precavals, right and left, carry the blood from the anterior extremities 
and the head to the sinus venosus. The right precaval is formed by the union 
of the internal and external jugular and the subclavian. On the left side the 
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Fig ^2.—Brain of Laoerta viridis. A, from 
above, with the left hemisphere (c. h ) and optic 
lobe [o l) opened. B, from beneath C, from 
the left bide D, in longitudinal vertical section 
a. c. anterior commissure, aq . s aqueduct of 
Sylvius cb cerebellum, c. l crura cerebn r 
c.h cerebral hemispheres , ch.p choroid plexus, 
c. s. corpus striatum, / nt foramen of Monro ; 
t nf. mfundibulura; m. o meduUa oblongata, 
o e. optic rhiasma, o. I . optic lobes, olf 
olfactory bulbs with their peduncles oi tracts, 
o f. optic tracts, o v. aperture between aqueduct 
of Sylvius and optic ventricle, p. c. posterior 
commissure; pn. pmeal apparatus; pty 
pituitaiy body, v y, diaccele, v 4 , metaeoale, 
/— XIf. cranial nerves, (From Parker's 
Zootomy ) 


network of delicate ridges, having the 


precaval is formed by the union 
of internal jugular and subclavian, 
the left external jugular being 
absent. 

The liver is supplied, as in other 
Vertebrates, by a hepatic portal 
system of vessels, blood being carried 
to it by a portal vein, formed by tbe 
union of gastric pancreatic, splenic, 
and mesenteric veins. 

The adipose bodies (Fig. 330, c. ad.) 
are two masses of fat of somewhat 
semilunar shape in the posterior part 
of the abdominal cavity, between 
the peritoneum and the muscles of 
the body-wall. 

The thyroid is a whitish, trans¬ 
versely-elongated bodyon the ventral 
wall of the trachea, a short distance 
in front of the heart. 

The spleen (Figs. 330 and 331, 
spl.) is a small red body lying in the 
mesogaster, near the posterior end of 
the stomach. 

Organs of Respiration.— A slit¬ 
like aperture, the glottis, situated 
behind the tongue, leads into a short 
chamber, the larynx, the wall of 
which is supported by cricoid and 
arytenoid cartilages. From the 
larynx an elongated cylindrical tube, 
the trachea, passes backwards on the 
ventral side of the neck. Its wall is 
supported by a large number of 
small rings of cartilage, the tracheal 
rings. Posteriorly the trachea bifur¬ 
cates to form two similar but 
narrower tubes, the bronchi, one 
entering each lung. The lung (Fig. 
330, Ig.) is a fusiform sac, the inner 
lining of which is raised up into a 
appearance of a honeycomb; these 
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ridges are much closer and more numerous towards the anterior than towards 
the posterior end of the lung. 

The brain (Figs. 332 and 333) presents all the parts that have been des¬ 
cribed in the brain of the Frog (p. 325), with some minor modifications. The 
two cerebral hemispheres (parencephala) (Fig. 332, c'h.) are oval bodies, some¬ 
what narrower in front than behind, closely applied together. Each is pro¬ 
longed anteriorly into the corresponding olfactory peduncle or tract, somewhat 
dilated in front to form the olfactory bulb {elf.) from which the olfactory nerve 
arises. In the interior of each is a cavity, the lateral ventricle or paracale, 
sending a prolongation forwards into the olfactory bulb, and communicating 
behind by a small aperture, the foramen of Monro ( D,f m.), with the diaccele 
(v. 3). Through the foramen of Monro there passes into each paraccele a 
vascular process of pia mater, the choroid plexus (ch. p.): immediately above 
and behind this is a hippocampal commissure {c.p.a.) connecting together two 
areas known as hippocampi, one on the mesial surface of each hemisphere. On 
the floor of each paraccele is a thickened mass of nerve-matter, the corpus 
striatum (c. s.), and between them passes a transverse band of nerve-fibres, the 
anterior commissure (a. c.). The diencephalon is a small rounded lobe between 
the para codes and the mid-brain, containing a laterally compressed cavity, the 
diaccele (v. 3). Its roof is extremely thin. Its lateral walls are formed of two 
thickenings, the optic thalami, behind which passes a transverse band, the 
posterior cotnmissure (p. c.). Behind and below the thalami are the optic 
tracts (0. t.) continued into the optic nerves. Behind the optic tracts the floor 
is produced downwards into a tubular process, the infundibulum {inf), ending 
below in a rounded body, the pituitary body or hypophysis {ply .). The roof is 
produced into a median outgrowth, the pineal apparatus (Fig. 333, D, pn.; 
Fig. 333, Z), which is divided into two parts, one of which has connected with 
its distal extremity on eye-like structure, the parietal organ or pineal eye (Fig. 
333, P a )‘ lying in the parietal foramen, while the other is the pineal organ or 
epiphysis. In front of the epiphysis, in the velum transversum {v. t), a trans¬ 
verse fold of the thin roof of the brain marking the anterior limit of the dien¬ 
cephalon, is another commissure, the aberrant commissure {c.p.p), which connects 
together the posterior and dorsal parts of the parencephala; this is not repre¬ 
sented either in the Frog or in higher vertebrates. The mid-brain consists 
dorsally of two oval optic lobes {corpora bigemina, Fig. 332, 0. 1 .) and ventrally 
of a mass of longitudinal nerve-fibres, the crura cerebri (c. c), passing forwards 
to the fore-brain. Each optic lobe contains a cavity (optocule) communicating 
with the iter, a narrow passage leading from the diaccele to the metaccele. The 
cerebellum ( cb .) is, like that of the Frog, of small size, being a small antero- 
posteriorly flattened lobe overlapping the anterior portion of the metaccele. The 
metencephalon (medulla oblongata, m. 0), broad in front, tapers behind to 
where it passes into the anterior portion of the spinal cord. The metaccele is a 
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shallow space on the dorsal aspect of the medulla oblongata, overlapped in 
front for a short distance by the cerebellum, and behind covered only by the 
pia mater, containing a network of vessels, the choroid plexus of the metacode 
(Fig. 333, fich .). At the point where medulla oblongata and spinal cord meet is 
a strong ventral flexure. 

The spinal cord is continued backwards throughout the length of the 
neural canal, becoming slightly dilated opposite the origins of the two pairs of 
limbs and tapering greatly towards the posterior end of the tail. 



1 it. in - 1 -oegitudiual section of brain of an embryo of Laoerta vivipart, X 20 ah, olfactory 
aie,», hi, blood-sinus, ho olfactory bulb, c cm bcllar commissures, ca. anterior (ommissure, 
ch superior (habenular) commissure, ck, central canal of spinal cord; cp, posterior commissutc, 
ipa, antcuor pallnl (hippocampal) comnussuie epo, postenoi optic commissuie, tpp, posienor 
pallia! (aberrant) coirmnssuu rr spind commissure; cw, swelling of optic chiasma, e l , para- 
physis, hm cerebral hemisphere h\ hypophysis, sir, intro oibital biptum, J (and s). vcntnclr 
of infundibulum, opt, optic chiasma, pa, paiietal organ, pth, choroid plexus on medulla 
oblongata, Jl 4th ventricle, > 0, optic 1 (ce »s, t/, sulcus intrnencrphalit us posterior, tp, tuber 
culum pobtenus supenus, tr, lamina teiminalis, tb, ventral flexure of medulla oblongata, 
ic, valvula cciebclh, ip pos tenor mcdullaiy velum, it, \elum transversum, Z, epiphysis. 
(I'rom V\ledersheiiu and J’aikro’a Comparable Anaionw, after R vou Kupffcr) 

The cerebral nerves resemble those of the Frog as regards their origin and 
distribution in most respects, the principal difference being that a spinal 
accessory is intercalated in fiont of the hypoglossal, and that the hypoglossal 
arises from the medulla oblongata, not from the spinal cord, and is therefore a 
cerebral nerve. 

The nasal cavities (Fig 334) open at the extremity of the snout by the 
external nares, and into the cavity of the mouth by a pair of slit-like internal 
nares situated near the middle line of the palate. The cxI emal aperture opens 
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into a sort of vestibule, beyond which is the nasal or olfactory cavity proper, 
containing a convoluted turbinal bone ovet which the mucous membrane extends. 
Opening into each nasal cavity, near the internal opening, is Jacobson's organ 
{J, J.), an oval sac with'strongly pigmented walls supported by cartilage. 

The eye has a cartilaginous sclerotic having a ring of small bones (Fig 335) 
supporting it externally. There is a cushion-like pecten or vascular pigmented 
process similar to the structure of the same name occurring in birds (see below, 
Class Aves), projecting into the inner chamber of the eye. In essential structure 



Fig. 3 u .—Transverse section 
of the nasal region of the head of 
Laoerta to show the relations of 
Jacobson's organs D, nasal 
glands; J, J. Jacobson's organs; 
N t N. nasal cavities (From 
Wiedersheim's Comparator Ana¬ 
tomy ) 



Fig. —King of 
ossicles in sclerotic of 
eye of Laoerta. (After 
wicdersheim.) 





Fig —Mcmbianous labyrinth of 

Laoerta viridia, viewed from the outer aide. 
aa anterior ampulla; ac . auditory nerve ; 
ade. opemug of the ductus cndolymplia- 
ticus; ob external ampulla; ap. posterior 
impulla; t*. basilar branch of nerve; ta. 
anterior semicircular canal; ce external 
semicircular canal; cp . posterior semi¬ 
circular canal; cits canal connecting 
ulnculus and sacculus, de. ductus endo- 
lyniphatuus; 1. cochlea, mb basilar 
membrane; roa, tae tap . rl. In am lies ul 
auditory nerve; r. sac cuius, ss iimimon 
canal of communication between anteuor 
and posterior semicircular canals and 
utriLic, u. ulnculus. (hrom Wicdcrs- 
heim Comparative Anatomy, after 
Ketrics) 


the rest of the eye agrees with that of the Craniata generally as already 
described. Two glands lie in the orbit, the lacrymal and the Hurderian. 

The ear consists of two principal parts, the internal ear or membranous 
labyrinth, and the middle ear or tympanum The latter is closed externally by 
the tympanic membrane, the position of which has been already mentioned. It 
communicates with the cavity of the mouth by the Eustachian passage, which 
is narrower and longer than in the Frog. The inner wall of the tympanic cavity 
is formed by the bony wall of the auditory region of the skull, in which there are 
two fenestras—the fenestra ovalis and the fenestra rotunda. The columella 
stretches across the cavity from the tympanic membrane, and is fixed internally 
into the membrane covering over the fenestra ovalis. 

The parts of the membranous labyrinth (Fig. 336) arc enclosed by the 
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bones of the auditory region: between the membranous wall of the labyrinth 
and the surrounding bone is a small space containing fluid, the perilymph. The 
labyrinth itself consists of the tttriculvs with the three semicircular canals and 
the saccuUis with the cochlea [lagena). The utriculus (u.) is a cylindrical tube. 



Fio. 3^7.—Male unnogemtal organs of 
Laoarfca India. The ventral wall of the 
cloaca is removed, the bladder is turned 
to the animal's right, and the peritoneal 
covering of the left testis and opididymis 
is dissected away. bl. urinary bladder; 
b . Ig. fold of peutoneum suppoi ting epidi¬ 
dymis, clK anterior and cl 1 , posterior 
divisions of the cloaca; ef. epididymis; 

k . kidney, mso. mesorchium; p. copu- 
latory organs, of which the sight is shown 
retracted (p*) and the left everted (p) ; 

l. hi. retractor muscle of latter; r. ridge 
separating anterior and posterior divisions 
of cloaca; ret ■ rectum; ret', its opening 
into the Uoac&; f. testis; u. g. unno- 
gemtal papilla and aperture; v . d. vas 
deferens (]<rom Parker's Zootomy.) 



Fig. j3h»- -Female unno- 
gemtal organs of Laeerta virUBs. 
Ihe ventral wall of the cloaca, 
the urinary bladder, the pos¬ 
terior end of the left oviduct, 
and the peritoneal investment of 
the left ovary and oviduct arc 
removed, b Ig. broad ligament; 
cl 1 , antcrioi and cl 1 , posterior 
divisions of the cloaca; A. 
kidney; wo. mesoarium; od. 
left oviduct; od\ 1U peritoneal 
aperture; od*\ aperture of right 
oviduct into the cloaca, or, 
ovary, w. aperture of ureter. 
(From Paiker's Zootomy ) 


bent round at a sharp angle: the semicircular canals (ca ., ce., cp.) are arranged 
as in vertebrates in general (p. 1x6). A narrow tube, the ductus endolymphaiicus, 
leads upwards towards the roof of the skull and ends blindly in the dura mater. 
The sacculus is large and rounded. The cochlea ( l .) forms a flattened, not very 
prominent, lobe, and is of .simple form. 

Urinary and Reproductive Systems.— The kidneys (Figs. 337 and 338, h.) 
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are a pair of irregularly shaped, dark red bodies, each consisting of two lobes, 
anterior and posterior, situated in dose contact with the dorsal wall of the 
posterior portion of the abdominal cavity, and covered with peritoneum on their 
ventral faces only. Their posterior portions, which are tapering, are in dose 
contact with one another. Each has a delicate duct, the ureter, opening 
posteriorly into the cloaca. A urinary (< allantoic ) bladder (bl.), a thin-walled 
sac, opens into the cloaca on its ventral side. 

In the male the testes (Fig. 337, t.) are two oval white bodies, that on the 
right side situated just posterior to the right lobe of the liver, that on the left 
somewhat farther back. Each testis is attached to the body-wall by a fold of the 
peritoneum, the mesorchiutn (mso.). The epididymis {ep.) extends backwards 
from the inner side of each testis, and passes behind into a narrow convoluted 
tube, the vas deferens or spermiduct (v. d.), which opens into the terminal part 
of the corresponding ureter. A pair of vascular eversible copulatory sacs (p, 
P'), which when everted are seen to be of cylindrical form with a dilated and 
bifid apex, open into the posterior part of the doaca. 

In the female the ovaries (Fig. 338, ov.) arc a pair of irregularly oval bodies 
having their surfaces raised lip into rounded elevations, marking the position 
of the ova. They are situated a little farther back than the testes, and each is 
attached to the body-wall by a fold of the peritoneum, the mesovarium (mso.). 
The oviducts (od.) are thin-walled, wide, plaited tubes which open in front into 
the cavity of the body {od 1 .), while behind they communicate with the posterior 
part of the cloaca, their opening ( od ") being distinct from, and a little in front 
of, those of the ureters. A fold of the pertioneum, the broad ligament (&. /g.), 
attaches the oviduct to the body-wall. 

TmXKKJ HTIONSI1IP OI* THE RliPHLIAN GROUPS. 

One of the most important features of ilie reptiles is the evolution ot the 
temporal region of their skulls, the structure of this region being of considerable 
help in their classification (Fig. 339). 

The most primitive lorms, the Cotylosauriu, had a complete bony roofing 
in the temporal region, as did the early Amphibia from which the reptiles 
originated. This type of skulls is known as Anapsid. According to most 
authorities it is still found in the liviug Chelonia (sometimes modified by emar- 
gination), which, together with the fotylosaurs, form the sub-class Anapsida, 

From this primitive skull there evolved two principal types. The first of 
these has a single vacuity in each side, and is known as Synapsid. The 
vacuity was bounded at first by the post-orbital and squamosal bones above, 
and the squamosal and jugal bones below, but later the parietal appeared within 
the opening owing to the enlargement of the vacuity and reduction in size of the 
post-orbital. Five orders of reptiles having this type of skull are therefore 
grouped as the sub-class Synapsida. They include the ancestors of mammals 






SYNAPSID (Pelycosaur) 

l 




SYNAPSID (rheriodont) 

i 



i 




SYNAPSID (Mammal) 



DIAPS1D (Lizard) 


-l 



Fig. 330.—Diagrams showing tlie disposition oC the vacuities and of certain bones in the types 
of reptilian skulls. P. parietal; Pi 7 , post-frontal; PO, post-orbital; /.jugal; QJ. quadrato- 
jugal; y. quadrate; S. squamosal- 
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which themselves have this type of skull further modified by the loss of the 
post-orbital and quadratojugal bones and by the inclusion of the quadrate 
within the ear. 

A later modification of the primitive type is known as Diapsid. Here 
there axe two vacuities in the temporal region, with the post-orbital and squamo¬ 
sal meeting between them. This condition is found in the majority of reptiles 
(e.g., Crocodilia, " Dinosaurs," Pterosaurs), and in a modified form in the 
lizards, snakes, and also the birds. The lizards lost the quadratojugal, thus 
opening the lower vacuity below, the snakes carried this modification still 
further by reducing or losing the post-orbital and losing the jugal. The birds 
lost the post-orbital with the result that the two vacuities and the orbital 
opening are confluent. 

A few small reptiles (e.g., Araeoscelis) have a single temporal vacuity 
differing from the synapsid type in that the post-orbital and squamosal meet 
below the opening. Some authorities believe this vacuity is homologous with 
the upper vacuity of the diapsid skull, and that tlic vacuity of the synapsid 
skull is homologous with the lower vacuity of the diapsid skull, and so have 
given it another name— Parapsid. The few forms known to have this type 
of skull are so problematical that they are not further discussed in this work, 
but it should be noted that it has been held that the lizards evolved from a form 
with a parapsid skull and a sub-class ParapsiAa has been constituted for them. 

Two aquatic groups, the Ichthyo'-auriu and Plesiosauria, have single 
temporal vacuities in the skull, and in both cases the post-orbital meets the 
squamosal below the opening. Their skulls, however, arc peculiar, and there is 
little other evidence in the skeletons of these reptiles to ally them to the other 
orders, largely on account of tlu* modifications for swimming, and it is probably 
best to leave them as isolated orders until primitive forms are found which 
indicate their relationships. It is possible that they may have arisen from 
independant amphibian stocks. 

It appears therefore that the primitive reptiles with a completely roofed, 
or anapsid, skull gave rise to two major groups, the Synapsida and the Diapsida, 
and possibly to a third, the Parapsida. 

CLASSIFICATION. 

SUPER-ORDER I. -ANAPSIDA. 

Order i.—Cotyi-osai'kia. 

The most primitive reptiles, the Cotylosaurs, are also the oldest, ranging 
from the Upper Carboniferous to the Middle Trias when they became extinct. 
Much of their interest lies in the close resemblance many of them bear to the 
early Labyrinthodont Amphibia. They are lo be distinguished from these 
only by their gastrocentrous vertebrae and a few minor features, but resemble 
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them in general build and in their primitive " belly-crawling " mode of progres¬ 
sion. The group is very likely miked in origin, and the members composing it 
are held together chiefly by two characters: the complete roofing of the skull 
and the flattened, plate-like pelvis. 

These reptiles show few specialisations, and varied in size from about a foot 
to the six or seven feet of the Parieasaurs. Three sub-orders are recognised. 
The Seymouriamorpha (e.g„ Seymouna) (Fig. 340) include the most primitive 
forms, tiie Captorhmomorpha (e.g„ Captorhinus, Labidosaurus) are small forms 
showing affinities with the Synapsida, and the Diadectomorpha (e.g., DiaiocUs, 




1 *IG> 140 - Skeleton and life restoration of Cotyloaaurs A. Diuapaructus (Aftex Case) 

B Seymouna This animal lb about two feet long 

Pancasaurus, Procolophon) which survived into the Trias and include the 
majority and have some features m common with the Diapsida. 

Order 2—Chllonia. 

Kept ilia in which the skull is without temporal vacuities A condition which 
is regarded by some as primitive, by others as secondary (see pp. 375-76). 
The body is enclosed in a shell of bony plates, consisting of a dorsal carapace 
and a ventral plastron, partly of dermal partly of endoskeletal origin. There 
is usually on the surface an epidermal exoskeleton of homy plates. The verte¬ 
bra and nbs of the thoracic region are firmly fused with the body carapace, 
into the composition of which they enter. The shoulder and pelvic girdles have 
the unique position of being within the ribs. The limbs are sometimes terrai- 
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SUPER-ORDER II.-SYNAPSIDA (Anotnodonfia, Therapsida). 

Reptiles with a single lateral temporal vacuity primitively lying below the 
post-orbital and squamosal. The brain-case is high and, as a result of the 
broad supraocdpital, the inner ear is placed low down. The teeth are usually 
heterodont, the lower jaw is flattened from side to side instead of being rounded 
in section, and except in the most primitive members, the dentary is relatively 
large. There are always two coracoids in the shoulder-girdle. 

The group is important because it shows the various stages by which the 
mammals evolved from the earliest reptiles and because the Synapsids domi¬ 
nated the land fauna of the Permian and much of the Trias. They are found 
abundantly in some deposits in North America and South Africa, and are known 
also from South America, East Africa, India, Central Asia, Russia and Europe. 



Fig. 342.— Kunemeraria, a Duvnndont (Aftei I’cArson Proc 7 ool So* ) 

There are five orders, but two of them (Dromosauna, Deinocephalu) were 
unimportant and are not discussed here. 


Ordfk 1 - -Pflvtosauria 

The Pelycosaurs are the most primitive members of the Super-Older, and 
are confined almost entirely to the Lower Permian. Some members, such as 
Varanosatmts, differ horn the captorliinomorph Cotylosaurs only in having the 
temporal vacuity. Others became specialised, Dmetrodon having enormously 
elongated neural spines to the veitebrae, which arc believed to have been con¬ 
nected by skin and formed a huge sail (Fig. 341). The Pelycosaurs, like the 
Cotylosaurs, had relatively short limbs and a sprawling gait, but the remaining 
orders carried the body higher and were probably much more active. 

Order II.— Dicynodontia. 

The Dicynodontia were for a time the most successful order of the Synap¬ 
sids, being found in extraordinary abundance from the Middle Permian to the 
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Lower Trias and surviving until the Middle Trias. Typically they wen of a 
heavy build, varying in size from x to 7 or 6 feet in length (Fig. 34a). Their 
skull was very specialised, having huge temporal fossx, T-shaped squamosals 
and small quadrates. In the majority the dentition was reduced to a pair of 
canines (which were sometimes confined to the males) and the jaws were covered 
by a homy beak. The post-cranial skeleton was very mattimal-like though 
clumsy. There was an acromion process on the scapula, the precoracoid was 
excluded from the glenoid cavity (Fig. 343), the ilium was considerably elon¬ 
gated and the number of phalanges liad been reduced from the reptilian number 
of 2 3 4 5 3 to the mammalian 2333 3. Dtcynodon is the commonest genus 
with about seventy species. Lystroianru^, which occurs abundantly in the 



lie 34) -Duynodont pectoral girdle, ventral aspect (/-. clavicle, CO. coracoid; 

/CL. mtcrd.ivicic, Pi O piccuiacoid, St scapula, ST. sternum. 

Lower Trias, had the snout elongated and turned down and was probably 
aquatic. Several genera, such as Endothtodim and Esoterodon kept post-canine 
teeth and one form, kumanieUia had incisors. 

Order 3 Fm-RioDONriA. 

The Theriodontia are the most important order of the Synapsida, being 
almost certainly ancestral to the mammals They arc found from the Middle 
Permian to the Upper Trias, and are known fioin Africa, South America, and 
Russia. 

Ihe group shows considerable variation in size, some fnims being less than a 
foot in length, others being the size of a lion. The majority were carnivorous 
or insectivorous, but some of the later members may have been herbivorous. 

The evolutionary changes of the Thoriodonts show the gradual appearance 
of those characters which are typical of the mammals. In the skull (Figs. 344 
and 345) the temporal vacuity is enlarged by the reduction and loss of the pre- 
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frontals, post-frontals, and finally the post-orbitals. A false palate is formed 
by the outgrowth of a shelf from the maxilla and palatines, the basioccipital 



Fig 344 Thnimrodon liorhinuf, a cynodont 1 t PT cctoplrrvgoid / PI cpipttrygoid 
F» frontal. / jugal, 1 lachrymal Af Y maxill i \ n Lsal P parietal PA 1 palatine 
PAR parasphcnoid PMX pumaxilh PC) postorbital PRr pie frontal PRO pro otu 
PT pterygoid PV * prevomer oi vnnirr Q quadrate, QJ quadrato jugal W stages SO 
squamosal (After Pamngton) n * J * 



Fio 345 A gorganopmd skull, based on specimens m the Museum cf Zoology, Cambridge 

SJWA Sc pto maxillary. 

is reduced and paired exocnpital condyles are formed. Also the epipterygoid 
(columella cranu) expands to form'the mammalian alisphenoid. In the lower 
jaw the dentary increases steadily m size until the post-dentary bones are very 



small and almost hidden in outer view, and at the same time a mammal-like 
coronoid process is developed (Fig. 346). The teeth of the early members are 
simple, though there are enlarged canines, but the post-canine teeth of the later 
members become specialised in a variety of ways, and are often very mammal- 
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like. The limb-girdles approach the mammalian condition in such characters 
as the formation of an acromion process on the scapula, the great expansion of 



the ilium, and the enlargement of the primi¬ 
tive pubic foramen to form the huge obturator 
foramen (Fig. 347). The form of the limb- 
bones approaches the mammalian condition, 
and the number of phalanges in the feet is 
reduced to the mammalian number of a 3 3 3 3 
by the reduction, and finally the loss, of one 
phalange in the third toe and two in the fourth 
(Fig. 348). 



Fig. 347.—A. Right pelvic of 
Lyosmopa (a Gorgonopsian); B. of 
Frotaamon (a«Cynodont). 


There are five sub-orders, and at least two 
major lines of evolution within the group. 
The Permian Gorgonopsia (c.g ..Scymnosuchus, 
Lycanops) giving rise to the TriassicCynodontia 
(e.g., Thrinaxodon, Cynognathus) and the 
Permian Therocephalia (e.g., Lycosaurus) 
giving rise to the Triassic Bauriamorpha (e.g., 
Ericiolacerta). In addition, some very 
mammal-like forms from the top of the Trias 
have been put into a separate sub-order, the 
lctiiosauria. 

Order Incerix Sedis.—Sauropterygia. 


Aquatic reptiles with a single temporal vacuity in the skull, which is 



Fta. 348.—-Diagrams of hands of A, a primitive Pelyccwaur B, a Gorgonopsid, and C, a Dicyno- 
dont, to now tine redaction from the reptilian number of phalanges to* the mammalian condition, 
t/. ulna; R. radios; U\ olnare; R', radiale, /. intermedium; C.C. centralia; P. pisiform. 



PHYLUM CHORDATA 38 $ 

bounded below by A post-orbital-squamosal arch. Die coracoids are single. 
There are three orders:— 

NothoSaoria, small and somewhat primitive torros, amphibious in habit, 
with webbed feet. The vertebrae arc platyccelous These foims are found in 
the Middle and Upper Trias. 



Pl sgodon j 1 \ Forms with long limb bones and a specialised palate armed 
with massive ciushing teeth on the palatine bones. I he vertebrae are deeply 
amphicoelous I he body is covered With heavy bony scutes l onfinud to tin 
Middle 1 n.is, e g Placodus ( vauiothts 



I>ig Pleuouuru*, putoi »1 1 it Hmwmiuiu, pclwc <mh li lhum. 

,ixph cor coracoid, t mleicUMiIe h ischium, Vb }iul>is (\fter Huxley ) 

re scapula (Aflir /ittel) 


Plt sios \uria 1 hese ai e the typical representa tiv es of the 01 dcr (Fig 349) 

They weie aquatic reptiles, sometimes of large size (up to 40 feet), though 
many were quite small They had a hzard-like body, a very long neck sup¬ 
porting a relatively small head, and a shot l tail, the lunbs were modified to 
form swimming-paddles Ihe spinal column of the Sauroptcrygia is chaiac- 
tensed by the great length of tlie ceivical and the comparative shoitness ol the 
VOL. it. sc 
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caudal region. The vertebras are usually amphkcelous. The sacrum consists 
of either one to five vertebra. There is no sternum. In the skull there are 
large pce*maxilhe; a bony secondary palate is absent; an ectopterygoid is 
present. There is a well-marked parietal foramen. Thejing of bony plates 
(developed in the sclerotic found in the orbit of some fossil reptiles) is not 
developed. The pectoral arch (Fig. 350) presents some remarkable features. 
The coracoids always meet in a ventral symphysis, and the ventral portions 
(acromial processes) of the scapulae may also meet. In front there is, in most 
cases, an arch of bone, consisting of a median and two lateral portions, which 
probably represent the interclavicle and the clavicles: in some forms this arch 
is reduced or absent. In the pelvis the broad pubes and ischia meet in the 
middle line: the two symphyses may remain separate (Fig. 351), or they may 
unite so as to divide the space into two separate obturator foramina. The 
teeth are implanted in distinct sockets. 

The Plesiosauria date from the Trias and extend onwards to the Cretaceous. 



Hg. 352.- Skeleton of IohthyoBanrai. (After Droverman.) 


Order IncerijK Sedis.—Ich thyopterygia. 

Fully marine reptiles having a skull with a single lateral temporal vacuity. 

The Ichthyopteryia, including Ichthyosaurus (Fig. 352) and its allies, were 
aquatic reptiles, some of very large size (30 or 40 feet in length), with somewhat 
fish-likb body, large head produced into an elongated snout, no neck, and an 
elongated tail, and with the limbs in the form of swimming-paddles. The 
vertebra are amphicoelous. A sacrum is absent, so that only prc-caudal and 
caudal regions are distinguishable. The ribs in the cervical region have two 
heads for articulation with the vertebra : a sternum is absent, but there is a 
highly developed system of abdominal ribs. The skull is produced into an 
elongated rostum, formed chiefly of the prc-maxillae, and with small nostrils 
situated far back. The orbits are large and contain a ring of bones developed 
in the sclerotic. A columella is present which articulates with the quadrate, 
and there is a large parietal foramen. The quadrate is immovably fixed to the 
skull. The pterygoids meet in the middle line and extend forwards to the 
vomers, so as to separate the palatines, as in Sphenodon. The pectoral arch 
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contains only coracoid, scapula, and clavicle. There is no precoracoid. The 
coracoids are broad bones which meet ventrally for a short distance without 
overlapping. The bones of the pelvis are not strongly developed; there is no 
sacrum, i.e., the ilia are not connected with the spinal column; the pubes and 
ischia of opposite sides meet in ventral symphyses; but there is no obturator 
foramen. Humerus and femur are both short, and the rest of the bones of 
the limb are disc-like or polyhedral. The phalanges are numerous, and are 
usually in more, sometimes in fewer, than the nsual live series. The teeth are 
not in separate sockets, but set in a continuous groove The tail vertebra in 
the middle forms have a characteristic downward bend which in later forms 
becomes almost a right angle. The body thus extends into the lower lobe of a 
large vertical caudal fin. 

The Ichthyopterygia are of Mesozoic age, ranging from the Middle Trias 
to the Upper Cretaceous. Geographically their remains have a very wide 
distribution, having been found not only in Europe and North America, but 
in the Arctic Regions, in India, Australia, New Zealand, and South America. 

SUPER-ORDER III —DIAPSIDA. 

This super-order includes all Reptiles which have two lateral temporal 
vacuities in the skull (e.g., SphenodoH, Fig. 325, p. 3(11). 

The orders are, some of them, large ana important, and include the Theco- 
DONTIA, RhYNC IKK F I’ll AT 1 A, DlNOSAUiIA, PtFKOSAURIA, CROCODILIA, and, 
according to one view, the Souamata as a derivative of an early 'lhecodont line. 

Okdi k 1. Thkcodomia 

These are the most primitive of the members of the supei -order and theearliest 
reptiles to show a diapsid skull with the characteristic two lateral temporal 
vacuities. The most important specimen, of which little is as yet known 
beyond the skull, is Youngina from the Upper Pennian of Soulli Africa. This 
form has an interpanetal and tabular bones in the skull and a parietal foramen, 
features which usually are not found in other ordeis of Thecodontia. The an- 
torbital foramen is absent. As far as it is known, there is nothing in Youngtna 
to prevent its being considered as a representative ot the ancestral stage of the 
later orders of Diapsid 1. Other families are the Phytosauridae, aquatic, croco¬ 
dile-like reptiles but with a specialised snout formed by the elongated pre- 
maxillae; Ornilhosuchidae; Aetosauridae, etc. 

Order 2.—Rhynchocfphai ia. 

Members of this order have lost the tabulars and interparietal of the Theco¬ 
dontia while retaining the large parietal loramen, in which, in the living form, 
traces of the median eye can still be made out. There is no antorbital foramen. 
The group, apparently never a large one, is known from the Middle Trias, e.g. 
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Hyperodapedon, Rhynchosaurus. The sole living representative of this group 
is Sphenodon (Hatieria), which is a lizard-like reptile with well-developed 
pentadactyle limbs adapted for walking. The anal opening is transverse. 
There are no copulatory sacs. The vertebra are amphiccelous and intercentra 
axe present. The ribs are single-headed and have uncinate processes. The 
rami of the mandible are united by ligament. There is a sternum and 
abdominal ribs. The teeth are acrodont. The lungs, heart, and brain 
resemble those of the Squamata. 

Okdek 3.—Squamata. 

Reptiles in which the skull has secondarily lost cither one (Lacertilia) or 
both temporal vacuities (Ophidia). The surface is covered with homy epidermal 
scales, sometimes with the addition of dermal ossifications. The opening of the 
cloaca is transverse in direction. There is a pair of eversible copulatory sacs 
in the male. The vertebra are nearly always procoelous. The sacrum, absent 
in the Ophidia and Pythonomorpha, consists of two vertebra in the Lacertilia. 
The ribs have simple vertebral extremities. The quadrate is movably articu¬ 
lated with the skull. There is no inferior temporal arcli. The nasal apertures 
of the skull are separate. The limbs, when present, arc sometimes adapted 
for terrestrial locomotion (Lacertilia), sometimes for swimming (Pythonomor¬ 
pha). The teeth are acrodont or pleurudont (sec beloic). The lungs are simple 
sacs. There is always a wide clett between the right and left divisions of the 
ventricular cavity. The optic lobes are approximated, and the cerebellum is 
extremely small. 

Sub-Order a.—Lacertilia. 

Squamata in which, as a rule, the limbs are present and are adapted foi 
walking. The mouth is capable of being opened to only a moderate extent. 
The maxillae, palatines, and pterygoids arc incapable of free movement. The 
rami of the mandible are firmly united at the symphysis. There arc nearly 
always movable eyelids and a tympanum. A sternum and an qiistemum are 
present. 

Including all the lizards, such as the Skincs, Geckos, Monitors, Iguanas, 
Amphisbsenians, Chamseleons, and other groups. 

Systematic Position of the Example (pp. 357-J75). 

There are twenty known species of the genus Lacerta, occurring in Europe, 
Asia, Africa, and North America. Lacerta is a member of the sub-order Lacer¬ 
tilia of the order Squamata. The flattened and elongated tongue with notched 
apex places it in the section Leptoglossa: of that sub-order. Among the 
leptoglossa; the family Laccrtidse, which comprises Lacerta and a number of 
other genera, is characterised by the presence of dermal bony supra-orbital and 
snpra-temporal plates, by the presence of small granular or wedge-shaped 
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scales, and of pleqrodont conical teeth, excavated at the base, The chief 
distinctive marks of the genus Lacerta arc the presence of comparatively largo 
shields on the head and on the ventral surface, the arrangement of the scales 
of the trunk in transverse rows which become circular zones or rings on the tail, 
the development of a collar-like hand of larger scales round the neck, and the 
laterally-compressed falciform claws, grooved on the lower surface, 

Sub-Order b. — Ophidia. 

Squamata with long, narrow body, devoid of limbs. The mouth is capable 
of being opened to form a relatively very wide gape by the divarication of the 
jaws. The maxillae, palatines, and pterygoids arc capable of free movement. 
The rami of the mandible are connected together only by dastic fibres at tire 
symphysis, so that they are capable of being widely separated. There is no 



1'iCr 4 Edestounrufl (PythanomorpLa) I’tLtoral arth and fmr* limbs r < oracuul with 
pin coracoid , h humerus, wie. metacarpus 1 iailiu9, \c scapula, u ulna, /, first digit, 

I , liltli digit (From /ittel niter Maish) 

separate supra-teinporal ossification Sternum and episternum are alisent. 
Movable eyelids and tympanum are absent. 

Including all the Snakes- Vipers, Rattle«.nakes, Sea Snakes, Fresh-water 
Snakes, J'iee Snakes, Blind Snakes, Pythons, and Boas. 

Sub-Orda c.— Pvthonomorpha 

Extint t Squamata with elongated snake-like body, provided with limbs 
which take the form of swimming-paddles (Fig. 353). The skull resembles 
that of the Laccrlilia; a supra-tcmporal helps to suspend the quadrate. The 
union of the rum of the mandible was ligamentous. There is, as a rule, no 
sacrum, the ilia not articulating with the spinal column. 

All the remaining orders of Diapsida are without interuarictal. tahnUr 
boflsZ or parietal foramen ' They are usually grouped together as 
Akchosauria, and are probably all descendants of late, bi])edal Thi codosts. 

" Order " Dinosauria . Hus well-known group of Reptiles is really divided 
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by a series of dearly marked characters into two divisions which should rank 
as orders: these are the Sapkischia (- ■• Theropoda and Satiropoda) and the 
Ormithischia («= Predentata or Urthopoda). In these two orders are to be 
found not only small forms but the largest animals which have ever existed on 
land, whose bulk has only been exceeded by the larger of the modern whales. 
The greatest variation of adaptation to various habits and extreme spedal- 
isation of shape and ornamentation can also be observed within the limits of 
these two orders. 

OkORDER 4 —Saurischia. 

In the pelvic girdle of members of this order the pubes and ischia are long, 
project downwards, and meet in a ventral symphysis. In the skull there are 
two, or one, antorbital vacuities, which are often very large. Teeth are present 
on the pre-maxillx. Dermal bones are never present on the body. There are 



two sub-orders: the Thfropoda, which were bipedal in walking, with the front 
limbs more or less reduced, and which were carnivorous in habit, with large 
skulls, e.g., Plateosaurus, Megalosaurus, Compsognathus, etc.; and the Sauro¬ 
poda, which were q uadrupedal, herbivorous , with small skulls and elongated 
necks and tails, e.g., Brontosaurus (Fig. 354), Cetiosaurus, IHplodocus, Tomierta , 
etc. 

Each sub-order contains many families, genera, and species. 

Order 5.— Orniihischia. 

These Dinosaurs Lave a pelvis in which the pubes do not meet in a median 
symphysis, but which have an anterior bird-like pre-pubis which is expanded 
at its end, and a long posterior pubis which runs along the lower (anterior) 
border of the ischium. In the skull the antorbital vacuities are always small 
and may be obliterated. One of the most noticeable characters is the posses¬ 
sion of a " predentary " bone in the mandible which may have supported a homy 
beak. As a result the teeth on the pre-maxilla and on the front of the lower jaw 
become suppressed. All the Omithischia were herbivorous. There are three 
sub-orders: Oknithopoda, bipedal, digitigrade forms with a complete slen der 
post-pubis, a small antorbital vacuity; examples, Hypsilophodon, a small form; 
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Iguanodon (Fig. 355), 30 feet in length, one of the earliest described Dinosaurs; 
Trackodon, etc. Stegosauria, heavy quadrupedal forms, but with the anterior 
limbs shorter than the posterior, with small skulls and a heavy dermal armour. 



Iig Ig qanodon bc rninar tenm. One sixtieth natural sui ro coracoid, it. ischium 

p . pre-pubis pp m post-pubic proeoss (pubis), sc scapula /- V , I — I V t digits (Fiom Zittel, 
after Dollo) 


-A 


B 


1 'iG. 350— 1 cctli of Iguanodon a, from the inner, T iiom the outer side. 

(From Zittel, after Mantoll) 

e.g.. Stegosaurus, Polacanthus ; and Cebatopsia, quadrupedal forms with large 
skulls and bony horns—a fringe of bone fiom the skull lying over the neck, 
e.g., Triceratops. 
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Order 6,- - Crocodilia. 


Reptiles in which the dorsal surface, or both dorsal and ventral surfaces, 
ore covered with rows of sculptured bony scutes. Epidermal scales are also 
present. The vertebral centra are either amphicoelous, flat at each end, or 
procoelous. The first caudal vertebra is unique in being convex at each end. 
The anterior thoracic vertebrae have elongated and bifid transverse processes, 
and to this transverse process the capitulum and tuberculum of the rib are 

both attached. The sacrum consists of 



Fig. 357.—-Pterodactylo! ipectabilii. 1 luce- 
fourths oi the natural size (hroru Zittel, 
after K. v. Mayer) 


two vertebra. The nbs are bind at 
their vertebral ends. The quadrate is 
immovable. A sternum is present, and 
there is a series of abdominal ribs. 
The pelvis has the peculiarity of having 
tlie pubis, a very small element, ex¬ 
cluded from the acetabulum; a long 
prepubis is present. The limbs arc 
adapted for walking. The teeth are 
lodged in sockets. A false palate is 
developed by shelves which grow out 
from the maxillae, palatines and, in the 
later members, the pterygoids so that 
the iatci nal imres open into the throat. 
I11 life they are covered with a fleshy 
valve. The lungs are compound sao. 
The ventricle of the heart is com¬ 
pletely divided in recent forms. The 
opening of the cloaca is elongated in 
the direction of the long axis of the 
body. There is a median penis. 


This|prder includes among living forms the true Crocodiles, the Gavials, the 
Alligators, and Caimans, and many extinct families. 


OkDI'.R 7 .- 1’lEROSAVRIA Ol PlEROlMC 1YLA. 

Flying Reptiles in which the skeleton has become modified in a manner 
analogous to that of the Birds. The bones are pneumatic, the fore-limb is a 
wing in which the fourth finger is greatly elongated to support a membranous 
patagium, the first three fingers arc small and clawed, and the fifth is absent. 
The carpus is reduced but has a spur-like sesamoid bone added to it. Though 
the sternum is well ossified, the davidcs and interdaviclc arc absent. 

The pdvis has pre-pubic bones which join one another. The hind limbs 
are pentadactyle and rather weak, the fibula being reduced or absent. 
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The skull is pointed and elongated, sometimes to an exaggerated degree; 
the external nates are placed far bark; the antorbital vacuity is large and the 



Tig isB -Skull of Scaphognathua. /> pro orbita.1 apcTtuie; Ji frontal, fit jugal, 
Ma. maxilla; N. nasal opening; Pm\ prcmaxilla, Qu q uadi ate (After Zittel) 

eve i;> bordered with sclerotic plates. There is no parietal foramen. The head 
is supported at a right angle on a long neck of eight or nineproralous vertebrae. 
1 he group flourished during the Jurassic and Cretaceous periods. 

There are two sub-orders: the Rhamphorhynchoidea, which are charac- 






394 


ZOOLOGY 


directions. Of such the following are a few of the chief. The tail region 
is usually, as in the example, extremely long and tapering; but in some 
groups of Lizards it is comparatively short and thick; and in others it is 
depressed and expanded into a leaf-like form. In the Chameleons (Fig. 360) 
the long and tapering tail is used as a prehensile organ , the coiling of which 
round branches of the trees in which the animal lives aids in maintaining the 
balance of the body in climbing from branch to branch. 

In the limbs there is likewise a considerable amount of variation in the 
different groups of the tacertilia. Moderately long pentadactyle limbs like 



Fir. ibo - ChamEBleon vulgaris. 1 (I nmi the ( ambridge Nattnal History 


those of T-acerta are the rule In the Chamseleons (Fig 360) both fore- and 
hind-limbs become prehe nsile by a special modifica tion in the arran gement and 
mode of arti culation of the digits. In these remarkable arboreal reptiles the 
three innermost digits of the inanus are joined together throughout their 
length by a web of skin, and the two outer digits, are similarly uni ted: th e 
t wo se t s of d igits arcso art i culat ed that the y can be brough t against one anot her 
with a g rasping movementjnalqgous to_the_gras£ing movement of a Pamirs 
fofil or nf the hand A similar arrangement prevails m *tKe~pes, TKe 

only difference being that the two innermost and three outermost digits are 
united. In some groups of Lacertilia, on the other hand, such as the Blind- 
Worm (Anguis), limbs are entirely absent, or are represented only by mere 
vestiges; and numerous intermediate gradations exist between these and forms, 
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sucli as Lacerta, with well-developed limbs. The liulbless lizards (Fig;. 361) 
bear a very dose resemblance to the snakes, not only in the absence of the 
limbs, but also in the generayorm of the body and the mode of locomotion. 

The body of a snake is elongated, narrow, and cylindrical, usually tapering 
towards the posterior end, sometimes with more usually without, a constriction 
behind the head. In the absence of limbs the beginning of the short caudal 
region is only indicated by the position of the doacal opening. The fore-limbs 
are never represented even by vestiges; in some Pythons there are inconspicuous 
vestiges of hind-limbs in the form of small daw-like processes. The mouth of 
the Snake i s capable of being very wi ddy opened bv the free articulation of the 
lower jaw, and it is'this which mainly distinguishes it~?rom the snakc-like 
lizards. "Tint other, less conspicuous, points of distinction are the abse nce of 
movable eyelids in the Snake, and also the want_of a tympa num. 



J 1 icj y»i,- Pyffopui lftptiopus, vuth stall like \cvtifros of hind limhs. (Mter Brehm.) 

Sphenodon or Hattena, the New Zealand ruat.ua (Fig. 362), the only 
living representative of the Rhyncliocephalia, is a lizard-like Reptile with a 
well-developed laterally-compressed tail, and pcntadactyle extremities, very 
similar to those of a typical Lizard. The upper surface is covered with small 
granular scales, and a crest of compressed spine-like scales runs along the middle 
of the dot sal surface. The lower surface is covered with transverse rows of 
large squarish plates. 

1 In the Chelonia (Fig. 363) the body is short and broad, endosed in a hard 
"shell ” consisting of a dorsal pait 01 tatapate and a ventral part or plastron. 
These are in most cases firmly united, apertures being left between them for 
the head and neck, the tail and the limbs. The neck is long and mobile; the 
tail short. The limbs are fully developed though short. In some (land and 
fresh-water Tortoises) they are provided each with five free digits terminating 
in curved homy claws; in the Turtles the digits arc closely united together, 
and the limb assumes the character of a " flipper ” or swimming-paddle. 
The doacal aperture is longitudinal. 





| The trocodilia, the largest of living itptilcs, have the trunk elongated and 
somewhat depressed, so that its breadth is much greater than its height The 
snout is prolonged, the neck short, the tail longei than the body and compressed 


Fig ,ft Sphenodon punotatom, l (From the Cambridge \atural Histon 
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laterally. The limbs are relatively short and powerful, with five digits in the 
manus and four in the pes, those of the latter being partly or completely united 
by webs of skin. The eyes ant very small, the nostrils placed close to the end of 
the snout and capable of being dosed by a sphincter muscle. The doacal 
aperture is a longitudinal slit. The dorsal and ventral surfaces are covered with 
thick, squarish horny scales, often pitted or ridgiH.1, those of the dorsal surface 
of the tail devdoped into a longitudinal crest .) 

Integument and Exoskeleton. —Characteristic of the Souamata is the develop¬ 
ment of homy plates which covei the entire surface, overlapping one another in 
an imbricating manner. 1 hesc differ considerably in form and arrangement in 
dilierent groups; sometimes they are smooth, sometimes sculptured or keded. 
Sometimes they are similar in t haractei over all parts of the surface; usually 



1 Hr ht (jiriLin Tortoise I lt\tudt vnta) (\f1er Brehm 1 


tboic arc specially developed scales the hejd-ihtfids— covering the upper 
surface of the head. In the majoi liy oi snakes the ventral surface is covered 
with a iow of large transversly elongated scales, the ventral shields. In certain 
lizards (Chameleons and Geckos) the scales are reduced and modified into 
the fonn ot minute tubciclcs oi gianules Tn some lizards special develop¬ 
ments of the scales otcui in the form of laige tubercles or spines. Underlying 
the homy epidermal scales in some lizards (Skincoids) are series of dermal bony 
plates. In the integument of the Geckos are numerous minute hard bodies 
whidi axe intermediate in character between cartilage and bone 

In the snake-Uke Amphisbaenians thuie are no true scales, with the exception 
of the head-shields, hut the smface is marked out into annular bands of 
squarish areas. 

In addition to the modification of the scales, the integument of the 
Chameleons is remarka ble for the changes of colour which it undergoes, these 
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changes being due to the presence in the dermis of pigment-cells which contract 
or expand under the influence of the nervous system, reminding one of the 
integument of the Cephalopoda. Less conspicuous and rapid changes of colour 
take place in Anguis and in some snakes. 

In the Chelonja, scales, when developed, are confined to the head and neck, 
the limbs, and the tail; but in all of them, with the exception of the Soft 
Tortoises, both dorsal and ventral surfaces are covered by a system of large 
homv plates . A series of horny head-shields usually cover the dorsal surface 
of the head. Beneath the homy plates of the dorsal and ventral surfaces are 
the bony carapace and plastron, partly composed of dermal bones, but so inti¬ 
mately united with elements derived from the endoskeleton that the entire 
structure is best described in connection with the latter [vide p. 401). 

(jn the Crocodilia, the whole surface is covered with homy plates or scales. 



Fit. $«'4- - - 
Vertebra < if Bphfllft* 
odon, showing the 
ampliicoeloub cen¬ 
trum (C.). (After 
Headley.) 



1m u. 365. —Vertebra of Python, anterior and posterior 
views, n . s. neural spine; p. z. pre-zygapophysis; pt. <r. 
post-TVgapophysis; t. p. transverse processes, r. a. 
zygantrum; r.r. zygosphene. (After Huxley) 


each usually marked with a pit-like depression about the centre, those on the 
dorsal surface ridged longitudinally. Underlying each of these, which are of 
epidermal derivation, is a thick pad of dermal connective-tissue which, in the 
case of the dorsal scales, is replaced by a bony scute. In the Caimans thin 
scutes also occur under the ventral scales..} 

A periodical ecdvsis or casting and renewal of the outer layers of the homy 
epidermis takes place in all the reptilia with the exception of the Crocodile^ . 
Sometimes this occurs in a fragmentary manner; but in snakes and many 
lizards the whole comes away as a continuous slough. 

Endoskeleton.—The vertebrae are always fully ossified. Among recent 
forms the Geckos and Sphenodon (Fig. 364) are exceptional in having the centra 
amphicoelous with remnants of the notochord in the intcrccntral spaces. The 
rest of the recent groups for the most part have the centra prococlous. In 
many extinct forms the neural arches are not directly attached to the bodies 
by bone (tmnospondyly): in recent forms there is a bony union ( stereospondyly) 
either through a suture or by fusion. Intercentra may be represented by inter- 
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vertebral discsoffibrocartilage (Crocodilia) or by bony elements formed by ossi¬ 
fication of the ventral portions of the discs (Geckos, Sphenodon). In Lizards 



in general and the Crocodiles there are inferior processes (hypapophyses), 
perhaps representing intercentra, situated below the centra in the anterior 
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rervicul region. Chevron bones (inferior arches) occur in the caudal region of 
many Reptiles (Sphenodon, Lacertilia, Crocodilia). 

In the Snakes and in Iguanas, in addition to the ordinary articulating 
processes or zygapoph^ses, there are peculiar articular surfaces termed zygo- 
sphenes and iygantra (Fig. 365). The zygosphene is a wedge-like process pro¬ 
jecting forwards from the anterior face of the neural arch of the vertebra, and 
fitting, when the vertebrae are in their natural positions, into a depression of 
corresponding form—the zygantrum—on the posterior face of the neural arch 
of the vertebra in front. To this arrangement, as well as to the deeply concavo- 
convex centra, the extraordinary flexibility and strength of a snake's backbone 
are due. 

The various regions of the spinal column are well marked in most of the 

Lizards, in the Rhynchocephalia, in 
the Chelonia, and in the Crocodiliq) 
(Figs. 366, 367). In the snakes and 
many of the snake-like lizaids only 
two legions are distinguishable- pre- 
caudal and caudal. In the otheis 
there is a sacral region comprising 
usually two vertebrae, both of which 
have strong processes (sacral ribs) 
for articulation with the ilia. The 
first and second vertebra: are always 
modified to foim an atlas and axis: 
in the Lacertilia and Clielonia the 
latter has a distinct odontoid process. 
(In Chameleons, Sphenodon, and the 
Crocodiles there is a median bone, 
the pro-atlas (Fig. ^68, 0 ), inter¬ 
calated between the atlas and the oecipital region of the skull. > 

Ribs are developed in connection with all the mtcbne of the pre-sacral or 
pre-caudal region; in the caudal region they are usually replaced by inferior 
archesbut Sphenodon, the Chelonia, and fiocodilia have caudal ribs which 
become fused with the vertebra.; In the Lacertilia only a small number (three 
or four) of the most anterior of the thoracic ribs are connected with the sternum 
by cartilaginous sternal ribs; the rest are fiee, or are connected together into 
continuous hoops across the middle line. In the so called Flying Lizards 
(Draco) a number of the ribs are greatly produced, and support a pair of wide 
^fiaps of skin at the sides of the body, acting as wings, or rather as parachutes. 
^In Sphenodon (Fig. 367) and Crocodilia (Fig. 366) each rib has connected with it 
posteriorly a flattened curved cartilage, the uncinate) 

/ In the Chelonia (Fig. 361)) the total number of vertebra is always smaller 



ti<> -)(ih Antniorvrrtebne ofyunng Croco¬ 
dile. A. atio^ rp axis, h articulation of alias 
with axis; 75. intoi veitebral discs, o. pro atlas, 
Ob neuiiil arches Po odontoid bom J\ 
neural spines, Pt transveise processes, /£, ]{', 
IP, Tibs; c a rch nl atlas, u median piece of 
atlas , WK. centra (From Wicdeisheim's 
( onipnvatwe Anatomy) 



MTYLITM CHORDATA 


40t 


than in the members of the other order*. The cervical ribs arc small and fused 
with the vertebrae. The cervical and the caudal are the only regions in winch 
the vertebrae are movable upon one another. The verlebne of the trunk, 
usually ten in number, arc immovably united with one another by means of 
fibro-cartilaginous intervertebral discs. Each of the neural spines, from the 
second to the ninth inclusively, is flattened and fused with a flat plate of dermal 
origin, the neural plate (Fig. 370), and the row of plates thus formed constitutes 
the tnedian portion of the carapace. The ribs arc likewise immovable; a short 



Fig 3G9—Ciftndo lutaria. Skclelun sicn truiu belrm llu* plastron has been removed and 
is represented on one hide C. costal plate, (o (oiaioul; t entojilastron (epistemum), bp. 
epiplastron (clavicle ? ); b\ fibula; f>. lemm ; )(, humerus, 11 vP. hyoplastron; Hpp. liypo 
piabtron, Jl. ilium, /*. ischium, M. marginal plates; Nu. muhalplate f Pb. pubis; Pio. pio 
i oracoid or process ol scapula, Pv pygal plates, /? radius, Sr scapula, 1 . tibia; V. ulna; 
A p xiphipJastron (From Zittt I \ 


distance from its origin each passes into a laige bony dermal costal plate, and 
the series ni costal plates uniting by their edges fonn a large part of the carapace 
on either side of the row of neural plates. The carapace is made up of the neural 
and costal plates supplemented by a row of marginal plates (Figs. 369 and 370) 
running along the edge, and nuchal and pygal plates situated respectively in 
front of and behind the row of neuial plates. In some cases the neural plates 
(Chelodina) and even the costal plates and ribs (Testudo loveridgii) are absent. 

The bony elements of the plastron of the Chclonia are an anterior and median 
plate (entofilastron) and four pairs of plates which arc termed in their order Irom 
VOL 11. 2 n 
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before backwards epiplastra, hyoplastra, hypoplastra, and xiphiplastra. The 
median element probably corresponds to the interdavide or epistemum of other 
Reptiles, the first pair (epiplastra) to the davides, the others probably being of 
the same character as die abdominal ribs of the Crocddilia. 

The carapace of the Luth or Leather-backed Turtle (Dertnatochelys or 
Sphargis) is distinguished from that of the rest of the order in being composed 
of numerous polygonal discs of bone firmly united together, and in not being 
connected with the endoskeleton; in the plastron the median bone is absent. 

Carapace and plastron are firmly fixed together by bony union in most 
instances, but sometimes the connection is ligamentous. * 

The stemum in the Lacertilia is a plate of cartilage with a simple or bifid 
posterior continuation formed by the fusion of five or six pairs of ribs. (In the 
Ophidia and Chelonia it is absent.. In the Crocodilia it is a broad plate bearing 
the coracoids and two pairs of ribs with a posterior continuation which bifurcates 

behind. 

(A series of ossifications—the abdominal 
ribs —lies in the wall of the abdomen in 
the Crocodilia (Fig. 366, Sta.), and similar 
ossifications occur also in the Monitors 
and in Sphenodon.) As already noticed, 
the posterior elements of the plastron of 

Kig. 370 -Chelone midaa. Transverse the Chelonia are probably of a similar 
section of skeleton. C. costal plate; G l . . 
centrum, M. marginal plate, P. lateral Character. 

nwraTpiate^titterHuxley) V ” pam,ed In the skull ossification is much more 

complete than in the Amphibia, the 
primary chondrocranium persisting to a considerable extent only in some 
Lizards and in Sphenodon; and the number of bones is much greater. The 
parasphenoid is reduced, and its place is taken by the large basioccipital, 
basisphenoid, and presphenoid. 

A fairly typical lacertilian skull has been described in the caseof Lacerta. 1 ts 
principal characteristic features are the presence of an inter-orbital septum, the 
presence of the epipterygoid, and the mobility of the quadrate. The last of these 
features it shares with that of the Ophidia. The epipterygoid is not universal 
in the Lacertilia, being absent in the Geckos, the Amphisbscnians, and the 
Chamaeleons. The quadrate is not always movable. The skull of the Chamse- 
leons has a remarkable helmet-like appearance owing to the development of 
processes of the squamosal and occipital regions, which unite above the posterior 
part of the cranial roof. The skull of the Amphisbxnians differs from that of 
other Lacertilia and approaches that of Snakes in the absence of an inter¬ 
orbital septum. 

In the skull of the Ophidia (Fig. 371) orbitosphcnoidal and alisphenoidal 
elements are absent, their places being taken by downward prolongations of the 
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parietals and frontals. In the substance of the mesethmoid are two cartilagi¬ 
nous tracts (Fig. 371, B, T) which are the persistent trabecula; of the embryonic 
skull. The inter-orbital septum is absent, and the cranial cavity is prolonged 



Fig. 371. — Skull of Colubrine Snake (Tropidonotus uatrix). A, from above; B, from below. 
Ag. angular; Art. articular; Bp. basi-occipital; Bs. basi-sphenoid; Ch. internal nares; Cocc . 
occipital condyle; Dt. deutary; Eth. ethmoid; F. frontal; F\ post-orbital; Fov. fenestra 
ovalis ; M. maxilla; N. nasal; 01. dxoccipital; Osp. supra-occipital; P. parietal; Pe. periotic; 
P./. pre-frontal; PI. palatine; Pmx. permaxilla; Pi. pterygoid; Qu . quadrate; SA. supra- 
angular; Squ. squamosal; Ts. transverse; Vo. vomer; //, optic foramen. (From Wieaers- 
heim's Comparative. Anatomy.) 



Fig. 372.— A. lateral view of skull of Battkmake (CroUltu). B. 0 . basi-occipital; B. S. 
basi-sphenoid ; E. 0. exoccipital ; F. 0. fenestra ovalis ; La. conjoined kciymal and pre-frontal ; 
L. f. articulation between lacrymal and frontal; Mn. mandible; Mx. nmviifa ; Na. nasal; 
PI. palatine ; Pmp. premaxilla ; P. Sph. presphenoid ; Pt. pterygoid ; Qu. quadrate ; Sq. squa¬ 
mosal ; II, V, foramina of exit of the second and fifth cranial nerves. B, transverse section at 
point lettered B in Fig. A: T. trabeculae. (After Huxley.) 
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forwards to the ethmoidal region. Neither upper nor lower temporal arches are 
present. The palatines (PI.) are movably articulated with the base of the skull; 
as in the Lizards, they are widely separated from one another, and do not 
develop palatine plates. They are movably articulated behind with the ptery- 
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Fig. 373.— Skull of SpllSllOdOl!. A, doisal ; ] 1 , vcntial; (, lt*ft-sidcd view of skull of 
Sphenodon, y 9 . Lol. Columella aims; toad, occipital condyle; Ji. 1 \ ectopteiygoid; P. 
frontal; Jug jugal; Max. maxilla; Ka. nasal; Nc. anterior nasal opening; Pal. palatine; Par. 
parietal; Pt mi pi ecu axilla; Prf. pre-frontal; Pt.f, pist-frontal And past-orbital; Pig. pterygoid 
or endoptczygoid ; Q. quadrate and quadrato-jugal (paraquadratej; Sq. squamosal; Vo. vomer. 
(From the Cambndge Natwal History.) 

goids (Pt.), and the latter, through the intermediation of the slender transverse 
bones ( 7 s.), with the maxilla?. The premaxillse are very small (in some veno¬ 
mous Snakes entirely absent) and when present usually fused together. The 
maxillae (Mx.), usually short, articulate by means of a movable hinge-point with 
the conjoined lacrymal and pre-frontal (La.), which, in turn, is movably con¬ 
nected with the frontal. The long and slender quadrate (Qu.) is freely arti- 
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culatcd with the posterior end 0 1 the elongated squamosal. The rami of the man¬ 
dible, likewise long and slender, are not united anteriorly in a symphysis, but me 
connected together merely by elastic ligamentous tissue, so that, when the mouth 
of the Snake is opened to allow of the entry of the relatively large prey, which 
it swallows whole, they are capable of being widely separated from one another. 
'The Typhlopidre differ from the rest of the Ophidia in having the maxillae 
immobile, the quadrate more closely connected with the skull, and the rami of 
the mandible united by a fibro-cartil agi no us symphysis. 

The skull of Splienodon (Fig. 373) differs very considerably from that of 
the Lizards. There is a large supra-temporal fossa bounded by the parietal, 
post-orbital {Pf. /.), and squamosal, and separated below by a bar of bone 
(superior temporal arch), formed of processes of the two last-mentioned bones 



Fig. 174 — Lateral view of skull of Emyi europeea. Coe occipital condyle ; F frontal, F 1 . 
post-frontal, I, foramen by whitli the olfactory nerve enters the orbit, lug jugal, M. 
maxilla; Md. mandible; Ml tynipamr membrane; Net. external nares, 01 cxouipital, Osp 
snpiu-occipital, P pariotal, Pf. pre-frontal: Pin pie-maxilla, Qjff quadiato jugal, Qu 
quadrate 6t inter orbital septum; S <ju squamosal Vo. vomci. (1'iom NViwlcrJuim's Com- 
paraU\e Ifiatoiny) 

and of the post-frontal, from a still laigoi space- the lateral temporal fossa. 
rhe latter is bounded below by a slendei bony bar (the inferior temporal arch), 
formed of the long narrow jugal {Jug.), with a small quadrato-jugal or para- 
quadiate, by which the jugal is connected with the quadrate (Q.) The lateral 
temporal fossa is separated from the orbit in front by a bar of bone formed of 
the jugal and post-orbital, and is bounded behind by a posterior temporal arch 
formed of the parietal and squamosal. The quadiate {Q) is immovably fixed, 
wedged in by the quadrato-jugal, squamosal, and pterygoid. The premaxillae 
(Pmx.) are not fused together, but separated by a suture. There is a bioad 
palate formed by the platc-hke vomers, palatines, and pterygoids. 

• In the Chelonia (Figs. 374, 375) all the bones, induding the quadrate, are 
solidly connected together. Transverse bones (cctopterygoids), lacrymals, 
orbitosphenoids, and alisphenoids are absent. The place of alisphenoids is 
taken to a certain extent by vertical downward pl.itc-like extensions of the 
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parietala, the lower part ol the plates perhaps representing the epipterygoids of 
Lizards. There may be open temporal fossa, the inferior boundary of which 
(i inferior temporal arch) may be incomplete owing to the absence of the quadrato- 
jugal (paraquadrate), or the entire temporal region may be covered over 
(Turtles, Fig. 375) by a sort of false roof formed of expansions of the post- 



Fig 175 —Ventral vilw of tlio skull of Ghekme mydu. ks basi-sphenoid, Jr frontal 
J jugal, m maxilla ob l>abi ch i lpital, ol excx c lpiUI op opisthotjc ; os supia-occipital, pal 
paUtiDf, par p.meUl, ph, post Irontdl, prfi pre-frontal; pt pterygoid ; prm pre maxilla , 
q quadrate, qj quadiato jugal \q squamosal, v vomer (\ftei Hoffmann) 

frontal* ( ph), panetals (par.), and squamosals (sq ) with the jugal (j ) and 
quadrato-jugal (q.j.). The immovably fixed quadrates (Fig. 374, qu., and 
Fig. 375, q ) are modified to afford a part or the whole of the rim for the support 
of the tympanic membrane. The occipital condyle is sometimes trilobed. 
The vomer (v.) is unpaired. The palatines (pal.) are approximated and give 
off palatine plates, which for a short distance cut off a nasal passage from the 
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cavity of the mouth. Nasals are usually absent as separate bones. The pre- 
maxilla are very small. The rami of the mandibles are stout, and are firmly 
united together at the symphysis. 

t|n the Crocodiles (Figs. 376,377), as in the Chelonia, the quadrate (Qu.) is 
firmly united with the other bones oHhe skull. There is a membranous and 
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hie- ^77—Ventral view 
of the skull of young Crooodil*. 
f h posterior nares, (occ 

occipital condyle, Jg jugal, 
M maxilla (palatine process), 
Ob hasi ocnpital, Orb orbit 
FI palatine Pmx pre max¬ 
illa , Pi. pterygoid, Qj 
quadratojugal; Qu. quadrate 
(Fi 001 Wiedersheim f s Coiw- 
paraUie 4 natoui\ ) 


cartilaginous inter-orbital septum. 1 here are no distinct orbitosphenoids, but 
alisphenoids are well developed. The orbit is separated from the lateral 
temporal fossa by a stout bar situated somewhat below the surface, and 
formed of processes from the post-frontal, jugal, and ectopterygoid. The 
lateral temporal fossa is bounded below, as in Sphenodon, by an inferior 
temporal arch composed of jugal and quailrato-jugal (paraquadratc). The 
frontals are early united into one, and the same holds good of the parietals. 
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Both palatine [PL) and pterygoid (Pt.), as well as maxillae, develop palatine 
plates in the roof of the mouth, cutting oft a nasal passage of great length from 
the cavity of the mouth, the posterior nares (ch.) being situated far back to¬ 
wards the posterior end of the cranial base. The nature of the articulation be¬ 
tween the mandible and the quadrate is such that movement is restricted to the 
vertical plane, and lateral displacement is further provided against by the 
development of a broad process of the pterygoid against which the inner surface 
of the mandibular ramus plays, an arrangement which occurs also in most 
Lacertilia .) 

In accordance with their purely aerial mode of respiration, the visceral 
arches are much more reduced in the Reptilia than in the Amphibia in general. 
The only well-developed post-mandibular arch is llic hyoid, and even this may 
undergo considerable reduction (Ophidia). The branchial arches are greatly 
reduced or aborted in the adult. 

There is little variation in the structure of the limb-arches and skeleton of 
the limbs in the different groups of Lacertilia. The pelvic arch is distinguished 
in the Lacertilia in general by its slender character; and the pubes and ischia 
arc, as in fact is the case throughout the class, separated from one another by 
wide ischio-pubic foramina—a feature which markedly distinguishes the rep¬ 
tilian pelvis from th.it ot the Amphibia. In limbless forms the pectoral arch 
may be present or may be absent. In the Ophidia all trace of limb is, as a rule, 
absent; but in some Pythons vestiges of lund-limbs are to be detected in the 
form of two or three small bones which support a small homy claw. 

In Sphenodon there is a foramen above the outer and one above the 
inner condyle of the humerus. There are eleven carpal elements, of which 
there are four, including a pisiform, in the pioximai row, two centrals, and five 
in the distal row. The pubes arc united in .1 symphysis, in front of which is a 
cartilaginous epipubis. A Urge oval foramen intervenes bid ween the ischium 
and the pubis. A cartilaginous hypo-ischinm is attached to the ischia behind. 
In the tarsus the tibial and fibuUr elements arc distinct, though firmly united. 
The intermedium and the centralc are firmly fixed to the libiale. There arc 
three distal tarsal bones. 

(In the Chelonia (Fig. 369) the interclavicle (episternuni) and clavicles are 
absent, unless, as is probable, the former be represented by the median element 
of the plastron and the latter by the first lateral pair. The entire pectoral arch 
is a tri-radiate structure of which the most ventral and posterior ray, ending in 
a free extremity, is the coracoid; while the other two are the scapula and a 
process, sometimes regarded as representing the procoracoid, given off on the 
inner side of the scapula near its glenoid end. The bones of the carpus have 
nearly the typical arrangement, consisting, as in Lizards, of a proximal row of 
three, a distal row of five, and a centralc between the two. The pelvis resembles 
that of Lacertilia, except that it is broader and shorter. Both pubes and ischia 
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meet in ventral symphyses, and epipubic and hypo-ischial cartilages may be 
present. In the tarsus (Fig. 378) there is usually a single proximal bone and 
four distalia. There are never more than two phalanges in any of the digits. 
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(in the Crocodiha. also the clavicle is absent, but there is an epistemum. 
1 he number of carpal elements is ieduced, the largest being two proximal 
bones, the radulc and the ulnare (Fig 379, r, u) On the ulnar side of the 
lattci is a sin<dl accessory bone (pu>iform.,\) I he pelvic arch (Fig j8o) 
differs somewhat widely from that of other living Reptiles, and the parts have 
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been variously interpreted. Two bones [P.), which are usually regarded as the 
pubes, extend from the region of the acetabula forwards and inwards, but, 
though they become closely approximated anteriorly, do not meet in a sym¬ 
physis. Between and in front of their anterior extremities, which are tipped 
with cartilage, extends a membrane (A/.) with which are connected in front the 
last pair of abdominal ribs (BP.). The posterior ends of the pubes are cut ofl 
from the acetabulum by the interposition of a pair of bones which may be 
parts of the ilia, but are separately ossified. The ischia extend downwards 
and somewhat backwards from the acetabula and are fixed together ventrally 
(at 5y.), but there is no true symphysis, as their extremities remain cartila¬ 
ginous. A hypo-ischium is not present. In 
M n , the tarsus (Fig, 381) there are two proximal 

\\ |\ Jy r bones—an aitragalo-scaphoid and a calcaneum — 

' the latter having a prominent calcaneal process 
j*s and two distal tarsal bones, together with a 

tv ^ ijLjJsiffi thin plate of cartilage supporting the first and 
Vm'V second metatarsals. The missing filth digit is 

| J\ f represented by a rudimentary metatarsal. J 

r \ / ) I ji Digestive Organs.— The form and arrange- 

V| 11 ment of the teeth already described in the 

m. 381_Tutus of account of Lacerta prevail in the majority of 

(nght side) from above I fibula , Lizards. In some of them the palatine teeth 
l tibia, I 1. e the astragalus, , . , ,, f. , , 

formed of the united tibiale, mtor are absent. Hie teeth are sometimes fixed by 

(tafaaneumL ° r-T umted^! fo dll bases jojj^ 

setond and tiimi distal taisais, 4, jaw (acrodoul forms), somet imes fixed by thei r 1 

fouSh metatir'sais 7 . r'/JEdnu! ~ sid ^ to the lateral surfac e, ot the ridgej 
tarsal and fifth mota tarsa 1 (plewodont) \ they are never embedded* in 

Anatonn) sockets m any recent form. A Mexican 

Lizard, Heloderma, differs from all the rest 
in having teeth which are grooved for the ducts of poison-glands. In the 
Snakes (Figs. 371, 372) teeth are rarely developed on the premaxillse, but are 
present on tile maxilke, palatines, and pterygoids, as well as the dentary of 
the mandible. 1 hey may be of the same character throughout, solid, elongated, 
sharp-pointed teeth, which are usually strongly recurved, so that they have the 
character of sharp hooks, their function being to hold the prey and prevent it 
slipping from the mouth while being swallowed—not to masticate it. Non- 
venomous Snakes possess only teeth of this character.. In the venomous 
Snakes more or fewer of the maxi llary teeth assume the character of poisnn- 
fangs. These are us ually mu c!i~la rger than the ord ina ry teeth and eith er 
grooved or perforated bv a cana l f or the passage of the duct of t he poi son-gland. 
In the Vipers (Fig. 372) there is a single large curved poison-fang with small 
reserve-fangs at its base, these being the only teeth borne by the maxilla, which 
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is very short; in the venomous Colubriue Snakes the poison-fangs are either 
the most anterior or the most posterior of a considerable range of maxillary 
teeth. In the Vipers the large poison-fang is capable of being rotated through 
a considerable angle, and moved from a nearly horizontal position, in which it 
lies along the roof of the mouth embedded in folds of the mucous membrane, 
to a nearly vertical one, when the Snake opens lis mouth to strike its prey. 
The rotation of the maxilla is brought about by the backward or forward move¬ 
ment of the pterygoid with the palatine and liansverse. In Sphenodon (Fig. 
373) there are pointed, triangular, laterally-compressed teeth, arranged in two 
parallel rows, one along the maxilla, the other along the palatine. The teeth 
of the lower jaw, which are of similar character, bite in between these two upper 



rows, all the rows becoming worn down 111 the adult in such a way as to form 
continuous ridges. Each premaxilla bears a prominent, chisel-shaped incisor, 
represented in the young animal by two pointed teeth. In the young Hatteria 
a tooth has been found on each vomer—a condi lion exceptional among Reptiles. 
In the Chelonia, teeth ai e entirely ab sent, t he jaws bei ng invested in a hornv 
layer in such a way_as Jtojorm a.structui y like a Bir d|s.frgak. (The Crocodilia 
have numerous teeth which are confined to the prcmaxiJlae, the maxillae, and the 
dentary. They are large, conical, hollow teeth devoid of roots, each lodged in 
its socket or alveolus (thecodont ) . and each becoming leplaecd, when worn out, 
by a successor developed on its inner side.) 

A bifid tongue like that of Lacertii occurs in several families oi Lacertilw. 
Others have a thick, short tongue, undivided in front and often provided with 
two long appendages behind. The Monitors (Fig. 382, A) have forked re¬ 
tractile tongues like those of Snakes The tongue of the Chameleons is an 
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extremely remarkable organ; it is of sub-cylindrical form with an enlarged 
extremity, and is so extensile that it is capable of being darted out to a distance 

sometimes equalling, or even exceeding, the 
-7 length of the trunk; this protrusion can be 


effected with lightning-like rapidity; and it is 
in this way that the animal catches the Insects 
which constitute its food. The tongue in Snakes 
is slender and bifid, capable of being retracted 
into a basal sheath, and highly sensitive, being 
used chiefly as a tactile organ. (The tongue of 
the Crocodilia (0) is a thick, immobile mass 
extending between the rami of the mandible.} 
i In some of the Chelonia (B) the tongue is 
immobile; in others it is protrusible, sometimes 
bifid. 

I j^In the enteric canal of the Reptiles the 
principal special features to be noticed are the 
muscular gizzard-like stomach of the Crocodilian 
^ the presence ot a rudimentary caecum at the 
fj junction ot small and large intestines in most 
Laccrtilia and in the Ophidia, and the presence 
of numerous large cumified papillae in the 
oesophagus of the Turtles. 

Organs of Respiration. The Reptiles all have 
.in elongated trachea, the wall of which is sup¬ 
ported by numerous cairilaginous rings The 
anterior part of this is dilated to form the larynx, 
the wall of which is supported by certain special 
(.utilages—the cricoid ami the arytenoids The 
trachea bifurcates posteriorly to form two 
bronchi, right and left, one passing each lung. 
The lungs of the Lacertilia and Ophidia are of 
U the simple sac-likc character already described 
J in the Case of the Lizard. In some the lung is 
j /] incompletely divided internally into two portions 

(J -an anterior respiratory part with sacculated 

fig. sb {.—Lungs oi Chanue- walls, and a posterior part with smooth, not 
mI's ^parau?»AZ,tZy.) highly vascular, walls, having mainly the function 

of a reservoir. The only additional complication 
to be specially noted is the presence in the Chamaeleons (Fig. 38 3) of a number ot 




in th e buflTof the animal which dfltthflmg h g « gn effect on assailants in the 
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snake-like Lizards the right lung is larger than the left , and in the Amphis- 
bsenians the latter is entirely aborted. In the Snakes a similar reduction or 
abortion of the left lung is observable. (In the Crocodilia and Chdnnta the 
lungs are of a more complex character, being divided internally by septa into a 
number of chambers. ) 

Organs Of Circulation.— lln the heart (Fig. 384) the fiinus venosus is always 
present .1 though not, except in Sphcnodon, distinguishable externally; its 
aperture of communication with the right auricle is guarded by two valves. 
There are, as in the Amphibia, always two quite distinct amides, the right 
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receiving the venous blood from the body, the left the oxygenated blood brought 
from the lungs by the pulmonary veins. But a vital point of difference between 
the heart of the Reptile anti that of the Amphibian is that in the former the 
ventricle is always more or les s, com pletely di vide d into right and lelt portions. 
In all tie I^ertilia/Dp^a, and fhelonia (big. 3 ^ 5 ) Hie structure is essen¬ 
tially what "has been described'in LacertaT the ventricular septum being well 
developed, but not completely closing oil the left-hand portion ot the cavity 
of the ventricle from the right (cavum pulmonale). I The left-hand portion, 
which is much the larger, is further imperfectly divided into two parts—the 
cavum artcriobum on the left and the cavum venosum on the right—by the two 
pinngatfH flaps of the auriculo-ventricular valve, which project freely into the 
cavity of the ventricle. From the cavum pulmonale arises the pulmonary 
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artery, and from the cavum venosum the right and left aortic arches. 
the auricles contract, the cavum venosum becomes filled with venous blood 
from the right auricle, the cavum arteriosum with arterial blood from the left 
auricle; the cavum pulmonale becomes filled with venous blood which flows 
into it past the edges of the incomplete septum. When the ventricle contracts, 
its walls come in contact with the edge of the septum, and the cavum pulmonale 
is thus cut off from the rest of the ventricle. The further contraction conse¬ 
quently results in the venus blood of the cavum pulmonale being driven out 

through the pulmonary artery to 
the lungs, while the blood which 
remains in the ventricle (arterial 
and mixed) is compelled to pass out 
through the aorta. | U 3 ut in the 
Crocodiha (Pig. 386) the cavity is 
completely divided, so that there we 
may speak of distinct right and left 
ventricles, From the nght arise 
tlie pulmonary artery and the left 
aortic arch: from the left the right 
aortic arch only. The right and left 
arches cross one another, and where 
their walls are in contact is an 
aperture -the jot amen Pamszee — 
placing their cavities in commu¬ 
nication. ) 

The brain of Reptiles is some¬ 
what more highly organised than 
that of the Amphibia. The brain- 
substanc e of the ce rebral_.l|equs- 
phere s exhibits 4 distinction into 
superficial grey layer 01 cprtex containing pyramidal nerve-cells, and fgntQl 
white me dulla , not observ able in lo wer grou ps. The triebia l hemispheres 
are we ll dev elop ed in ajl. and there is a hippocamp us {see later m the 
description of the brain of the Rabbit, and of that of the Mammals in general) in 
the shape of a specially modified region of the dorsal and mesial wails cf each 
hemisphere, represented less distinctly in the Amphibia; a commissure—the 
hippocampal —connects the hippocampi of opposite sides, and is dorsal to the 
chief cerebral commissure— the anterior commssu te. The mid-brain consists 
dorsally usually of two closely-approximated oval optic lobes; rarely it is 
divided superficially into four. (The cerebellum is always of small size, except 
in the Crocodiha fFig. 387), in which it is comparatively highly developed, and 
consists of a median and two lateral lobes.) 
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;ft most Lacertilia, but uot in tlte Ophidia, the nasal 
of; two parts—an outer or vestibule, and an inner pr olfactory 

, and containing a turbinal 
an upper 




l T ir>. 387.—Brain of Alligator, 
from above. B. ol, olfactory bulb; 
G. p. epiphysis; HH, cerebellum ; 
Med , spinal cord; MH, optic lobes ; 
NH , medulla oblongata; VH, 
cerebral hemispheres; I — XI, cere¬ 
bral nerves; i f 2, first and second 
spinal nerves. (From Wieders- 
heim's Comparative Anatomy.) 



Fig. 386.—Section of the pineal eye of Sphenodon 
ponct&Fa. g, blood-vessels: h, cavity of the eye 
filled with fluid; k, capsule of connective-tissue ; L 
lens; tn. molecular layer of the retina ; r. retina; 
st. stalk of the pineal eye; x t cells in the stalk. 
(From Wiedersheim's Comparative Anatomy, after 
Baldwin Spencer.) 


and a lower, and the same holds good of the hinder part of the elongated nasal 
chamber of the Crocodilia. 

Ja c ob s on's organs (Fig. 334) are present in Lizards and Snakes, absent in 
Chdpnia and Crocodilia in the adult condition.) 

The eyes are relatively large, with a cartilaginous sclerptic in which a ling 
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of bony plates (Fig. 335) is developed in some cases. The muscular fibres of the 
iris are striated. A pecten is present in most. Most Reptiles have both upper 
and lower eyelids and a nictitating membrane. The greater number of the 
Geckos and all the Snakes constitute exceptions, movable eyelids being absent 
in both of these groups; in the former the integument passes uninterruptedly 
over the cornea with a transparent spot for the admission of the light; in the 
Snakes there is a similar modification, but the study of development shows that 
the transparent area is derived from the nictitating membrane which becomes 
drawn over the cornea and permanently fixed. In the Chamseleons there is a 
single circular eyelid with a central aperture. 

The middle ear is absent in the Snakes, though a columella auris is present 
embedded in muscular and fibrous tissue and attached externally, in some cases 
at least, to the middle of the quadrate. 

.Developed in close relation to the epiphysis there is in many Lizards (Lacerta, 
Varanus, Angitis, Amphibolous and others), and in Sphenodon, a remarkable 
eye-like organ—the parietal organ or pineal eye (Fig. 388), which is situated 
in the parietal foramen of the cranial roof immediately under the integument, 
and covered over by a specially modified, transparent scale. The pineal eye 
is developed from a hollow outgrowth of the roof of the dienccphalon in front 
of the epiphysis; the distal end of this becomes constricted off as a hollow 
sphere, while the remainder is converted into a nerve. The wall of the hollow 
sphere becomes divergently modified on opposite sides; the distal side gives 
rise to a lens-like thickening (/.), the proximal forms a membrane several layers 
in thickness—the retina (r.): the whole is enclosed in a capsule of connective- 
tissue (k.). The nerve usually degenerates before the animal reaches maturity, 
so that the organ would appear—though evidently, from its structure, an 
organ of sight—to have now entirely or nearly lost its function. 

Reproductive Organs.— The description already given of the reproductive 
organs of the Lizard fp. 374) applies, so far as all the leading features are 
concerned, to all the Lacertilia and to the Ophidia ; in Hatteria the copulatory 
sacs are absent. 

( Jn the frocodilia and Chelonia, inslead oi the copulatory sacs, there is a 
median solid penis attached to the wall of the cloaca, and a small process or 
clitoris occurs in a corresponding position in the female, /l'hough fertilisation 
is always internal, most reptiles are oviparous, laying eggs enclosed in a 
tough, parchment-like or calcified shell. These are usually deposited in holes 
and left to hatch by the heat of the sun. the Crocodiles they are laid in a 
rough nest and guarded by the mother. In all cases development has only 
progressed to a very early stage when the deposition of the eggs takes place, 


and it is only after a more or less prolonged period of incubation that the young, 
fully formed in every respect, emerge from the shell and shift for themselves] 


Many Lizards, however, and most Snakes are viviparous, the ova under- 
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going development m tlu intuioi <>l llu ovulucl, anil tlu youn^ it ulung the 
extenor in the rompleply-fonned utnriition 

Development. —In all the Rephlia the segmentation is meroblastic, being 
confined to a germinal disc of piotopUsm situated on one side of the yolk 




I ig 381; 1 P uilvstigisni the tit \ el >pnu,nt t>i the Alligator. A st ige with embivonit 

*1111 Id primitive knot and blastopnn 7 tonsnlciiibly liter st lgt in which the medullary ffioove 
lias Income fount il together with the hr-id fold of tlu c inbryo md the hL id fold of the amnion 
C somewhat later stage with well dtvilupid midulldry folds and medullary groove D, later 
stage in which the modullaiy groove lias become paitly closed m by the medullary folds and in 
which six pairs of protovertcbrac have become developed, amn. amnion; a. op. area opaca; 
a. pel. area pellucida; blp. blastopore; emb. s. embryonic shield; /. hr. fore-brain; k. br . hind¬ 
brain ; hd» f. head-fold ; w. br . mid-brain; wed. f. medullary folds; prot.v. protovertebrae; 
pr. st. primitive knot. (After S. F. Clarke.) 

This divides to form a patch of cells .which gradually extends as a two-layered 
sheet, the blastoderm, over the surface of the ovum. The upper of the two 
layers is the ectoderm, the lower the yolk-endoderm ; the latter is the equivalent 
of the mass of yolk-cells of the Frog, and the shallow space between it and the 
yolk, represents the segmentation-cavity. As the blastoderm extends (Fig. 
'389), it becomes distinguishable into a central clearer area— area pellucida 
VOL. IL « E 



4X8 


ZOOLOGY 


(a. pel.)- and a peripheral whitish zone -area opaca (a. op.). On the former 
now appears an elliptical thickened patch—the embryonic shield (emb. $,)— 
which is formed by the ectoderm cells in this region assuming a cylindrical 
form while remaining flat elsewhere. Behind the embryonic shield appears 



1 ig Lacertfti longitudinal sections through the embryonic aic.i of blastoderm* 

illustrating bu^es-ave stages m the foimatiou of the invagination cavity (art henterou) and 
its communication with the segmentation-!.avity Up blastopore ec, ectodeim of embisonic 
shield, An primitive knot, pr pi protochoidal plate, y e yolk endodcim 111 J) the opening 
below and in front of Up points to aperture of < omniunicatiou established bctwi on the lnvagmation- 
cavity and the underU ing space (Moddu d alter Went ki barh ) 


a thickening, dne to a proliferation of the ectoderm cells—the so-called primi¬ 
tive knot or primitive plate {pr . si.), and on this is formed an invagination 
opening on the surface by an aperture—the blastopore (b/p .)—which subse¬ 
quently takes the form of a narrow slit running in the direction of the long axis 
of the future embryo. The cavity of the invagination corresponds to the 


PHYLUM CHORDATA 


4*9 


archenteron of the Frog, and tlie cells lining it are the endoderm (primitive 
eododerm). The latter subsequently (Fig. 390) coalesces with the yolk- 
endoderm below the floor of the archenteron, and in this position an aperture 
is formed through which the archenteron opens freely into the shallow space 
that lies beLween the yolk-endodenn and the yolk. It is from the common 
cavity thus formed that the lumen of the enteric canal is derived. At a some¬ 
what earlier stage a thickening (pr. pi.) has appeared in the yolk-endodenn in 
the region which will give rise to the head of embryo. This is the protochordal 
plate: it enters into intimate relationship with the endoderm cells that roof 
over the archenteron, and, when the floor of the latter becomes opened out, 
forms with them a continuous plate. In this the notochord originates along 
the middle line, and the mesoderm of all the region in front of the blastopore 
grows out from it at the sides. The aperture of invagination becomes narrowed 
and is eventually dosed by the approximation and coalescence of its edges. 
In the region in which the coalescence of the edges takes place there is for a 
time complete imion of the layers, as in the region of the primitive streak of 
Birds and Mammals. The anterior part of the aperture, however, remains 
open for a time as the opening of the neurenteric canal. 

In front of the blastopore a longitudinal depression hounded by a pair of 
longitudinal folds (Fig. 389, med. /.) is the beginning of the medullary groove. 
As this becomes closed, it encloses, in its posterior portion, the blastopore or 
dorsal opening of the neurenteric canal. At the sides of the medullary groove 
appear the piotovcrtcbrze (prot. v.): the general history of these parts has 
already been sketched in the section on the Craniata, and turther details will 
be given in the account of tin* development of Birds, which agrees with that of 
Reptiles in most essential respects. Under the head of Birds also will be found 
an account of the formation of the characteristic foetal membranes, the amnion 
and the allantois , which applies in all essential respects to the Reptilia as well. 

A species of tlie genus Chalddes or Seps, a lizard with vestigial limbs, 
which is viviparous, is apparently exceptional in ihc formation of a structure 
closely homologous with the placenta of Mammals, a structure by means of 
which an intimate connection is established between the embryo and its 
membranes and the wall of tlie special compartment of the oviduct in which 
it lies. As in the case of the Mammal, the intimate union thus brought alxrat 
facilitates the transmission of nourishment from the blood of the parent to 
that of the foetus. 

Ethology.—'I he Lizards are, for the most part, terrestrial animals, usually 
extremely active in their movements and endowed with keen senses. The 
majority readily ascend trees, and many kinds are halritually arboreal; but 
the Chameleons are the only members of the group, which have special modi¬ 
fications of their structure in adaptation to an arboreal inode of life. The 
S kinks and the Amphisbsenians are swift and skilful burro were. The Geckos 
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axe enabled by the aid oi the sucker-like discs on the ends of their toes to run 
readily over vertical or overhanging smooth surfaces. A few, on the other 
hand (Water-Lizards), live habitually in fresh water. The Flying Lizards 
(Draco, Fig. 391) are at boreal, and make use of their wings—or, to speak more 
accurately, aeroplane or parachute—to enable them to take short flights from 
branch to branch. Chlamydosaurus and Antphtbolurus are exceptional in 
frequently running on the hind-feet, with the fore-feet entirely elevated fiom 
the ground. A tolerably high temperature is essential for the maintenance 
of the vital activities of Lizards, low temperatures bringing on an inert con¬ 



dition, which usually passes during the coldest part of the year into a state oi 
suspended animation or hibernation. The food of Lizaids is entirely of an 
animal nature. The smaller kinds prey on insects of all kinds, and on worms. 
Chamseleons, also, feed on insects, which they capture by darting out the 
extensile tongue covered with a viscid secretion Other Lizards supplement 
their insect diet, when opportunity offers, with small reptiles of various kinds, 
frogs and newts, small birds and then eggs, and small mammals, such as Mice 
and the like The larger kinds, such as the Monitors ,ind Iguanas, prey 
exclusively on other vertebrates, some, on occasion, are carrion-feeders. Most 
Lizards lay eggs enclosed in a tough calcified shell. These they simply bury 
in the earth, leaving them to be hatched by the heat of the sun. Some, however. 
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as already stated, aie viviparous; in all cases the young are left to shift foi 
themselves as soon as they are born. 

Mast of the Snakes also are extremely <u ti\e and alert in their movements; 
and most are very intolerant of cold, undergoing a hibernation of greater or 
less duration during the winter season. Many live habitually on the surface 
of the ground—some kinds by preference in sandy places or among rocks, 
others among long herbage. Some (Tree-Snakes) live habitually among the 
branches of trees. Others (Fiesh-water Snakes) inhabit fresh water; others 
(Sea-Snakes) live in the sea. The mode of locomotion of snakes on the ground 
is extremely characteristic, the reptile moving along by a series of horizontal 
undulations brought about by contractions of the muscles inserted into the 
ribs, any inequalities of the surface of the ground serving as fulcra against 
which the free posterior edges ol the ventral shields (which are firmly connected 



Hg. 192.- Poison ipp«uatus ol Rattlesnake. A, pyc, Cc t poison duct entering the poison - 
fang at ■(; Km must les of mastication pjitly t ut through at * l/r. conductor (masseter) 
muscle, M(\ continuation of tlie (onstmtor must Ip to tlic lowei jaw AT msal opening, S, 
fibrous poison sac; s, tongue; za , opening of the poison-duct, sf, pouch of mucous membrane 
em losing the poison-fangs (From WiedrrsheinA Cm ipamhn 1 natoui) ) 

with the ends of the ribs) arc enabled to act The burrowing Blind-Snakes 
and other families of small snakes feed on insects and worms. All the rest 
prey on vertebrates of various kinds, lisbcs, frogs, lizards, snakes, birds 
and their eggs, and mammals The Pythons and Boas kill their prey by con¬ 
striction, winding their body closely round it and drawing the coils tight till the 
victim is crushed or asphyxiated. Some other non-venomous Snakes kill with 
bites of their numerous sharp teeth. The venomous Suake sometimes, when 
the prey is a small and weak animal such as a frog, swallow it alive; usually 
they first kill it with the venom of their poison-fangs. 

When a venomous Snake strikes, the poison is pressed out from the poison- 
gland by the contraction of the massetci (Fig. 302, Me.), one of the muscles 
which raise the lower jaw; it is thus forced along the duct ( Gc) to the aperture 
(za), and injected into the wound made by the lang. The effect is to produce 
acute pain with increasing lethargy and weakness, and in the case of the venom 
of some kinds of Snakes, paialysis. According to the amount of the poison 



422 


ZOOLOGY 


injected (in relation to the size of the animal) and the degree of its virulence 
(which differs not only in different kinds of Snakes, but in the same Snake 
under different conditions) the symptoms may result in death, or the bitten 
animal may recover. The poison is a clear, slightly straw-coloured or greenish 
liquid; it preserves its venomous properties for an indefinite period, even if 
completely desiccated. The poisonous principles are certain proteids not to 
be distinguished chemically from other proteids which have no such poisonous 
properties. Immunity against the effects of the poison, and relief of the symp¬ 
toms after a bite has been inflicted, have been found to be conferred by injec¬ 
tions of the serum of animals which have been treated with injections of 
increasing doses of the poison. 

The majority of Snakes are viviparous . Some, however, lay eggs, which, 
nearly always, like those of the oviparous Lizards, are left to be hatched by the 
heat of the sun, some of the Pythons being exceptional in incubating them 
among the folds of the body. 

Sphenodon lives in burrows in company with a Bird—-the Shearwater 
(Puffinus )—and feeds on Insects and small Birds. It lays eggs enclosed in a 
tough, parchment-like shell. 

Of the Chelonia some (Land Tortoises) are terrestrial; others (Fresh-water 
Tortoises) inhabit streams and ponds, while the Sea-Turtles and Luths inhabit 
the sea. F.ven among Reptiles they are remarkable for their lenaeity of life, 
and will live for a long time after severe mutilations, even after the removal of 
the brain; but they readily succumb to the effects of cold. Like most other 
Reptiles, the Land and Fresh-water Tortoises living in colder regions hibernate 
in the winter; in warmer latitudes they sometimes pass through a similar 
period of quiescence in the dry season. The food of the Green Turtle is exclu¬ 
sively vegetable; some of the Land Tortoises are also exclusively vegetable- 
feeders ; other Chelonia either live on plant-food, together with Worms, Insects, 
and the like, or are completely carnivorous. All arc oviparous, the number 
of eggs laid being usually very great (as many as 240 in the Sea-Turtles); these 
they lay in a burrow rarelully prepared in the earth, or, in the case oi the Sea- 
Turtles, in the sand of the sea-shore, and, having covered them over, leave 
them to hatch. 

(The Crocodiles and Alligators, the largest of living Reptiles, are in the main 
aquatic in their habits, inhabiting rivers and, in the case of some species, 
estuaries. Endowed with great muscular power, these Reptiles are able, by 
the movements ol the powerful tail and the webbed hind-feet, to dart through 
the water with lightning-like rapidity. By lying in wait motionless, sometimes 
completely submerged with the exception of the extremity of the snout bearing 
the nostrils, they are often able by the suddenness and swiftness of their onset 
to seize the most watchful and timid animals. In the majority of cases the 
greater part, and in some the whole, of their food consists of Fishes; but all 
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the larger and more powerful kinds prey also on Birds and Mammals of all 
kinds, which they seize unawares when they come down to drink or attempt to 
cross the stream. On land their movements are comparatively slow and 
awkward, and they are correspondingly more timid and helpless. 

The Crocodilia, as already mentioned, are all oviparous, and the eggs, as 
large in some species as those of a Goose, are brought forth in great numbers 
(sometimes 100 or more) and either buried in the sand, or deposited in rough 
nests.) 

Geographical Distribution.*- The order Lacertilia, the most numerous of the 
orders of Reptiles living at the present day, is of very wide distribution, occur* 
ling in all parts of the earth's surface except the circumpolar regions; but some 
of its larger sections are of limited Tange. The Geckos are numerous in all 
warm countries, their headquarters being Australia and the Oriental region. 
The snake-like Pygopidar arc entirely confined to the Australian region. The 
Agamidae (a family which includes the Flying Lizards liesides many others) are 
most abundantly represented in the Australian region, though extending to 
other regions of the Old World, except New Zealand and Madagascar. Of the 
Iguanas two genera occur in Madagascar and one in the Friendly Islands; all 
the other members of this group, wliich is a large one, are confined to America. 
Three families occur exclusively in Americu—the Xenosauridae, the Tejidae, 
and the Helodermidie, or poisonous Lizards. The Zonuridae or Girdle-tailed 
Lizards are confined to Africa and Madagascar. The Anguidx or Blind- 
worm Lizards are mostly American, but are represented in Europe and Asia. 
The family of the Monitors is distributed in Africa, Southern Asia, Oceania, 
and the Australian region. The snakc-likc Ainphishaenians are most numerous 
in America, but are well represented in Africa, and occur also in the Mediter¬ 
ranean area. The Lacertidic are most abundant in Africa, hut occur in Europe 
and Asia. The family of the Skinks (Scincidat) is of world-wide range, but is 
most abundant in Australia, Oceania, the Oriental region, and Africa. Spheno- 
don is confined to the New Zealand region, and at the present day only occurs 
on certain small islands oft the N.E. coast and in Cook's Straits. The Chamae- 
leons are most abundant in Africa and Madagascar, hut there arc representatives 
in various oilier parts of the* Old World; they do not occur in the Australian, 
New Zealand, or Polynesian legions, ,uul are only represented in Europe by one 
species, which occurs in Andalusia. 

Chelonia art* widely distributed over the surface of tlu* earth, by far the 
greater number being natives of tropical and temperate /ones The Sea- 
turtles, including the Hawk's-bills and the Luths, aie for the most part, but not 
entirely, confined to the tropical seas. Giant Land-tortoises occur, or occurred 
in historic times, on islands of the Galapagos and Mascarene groups. 

V. Of the Crocodilia the Caimans are confined to Central and South America. 
The Alligators arc represented in North America by one species and in China 
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by another. The true Crocodiles occur widely distributed over Africa, Southern 
Asia, the northern parts of Australia and tropical America, while the Gavial 
occurs only in certain Indian and Burmese rivers Jl 

Geological Distribution (Fig. 393}. —The Squamata are geologically the most 
recent of the existing orders of Reptiles. The earliest fossil remains of Lizards 
have been found in beds belonging to the Jurassic and Cretaceous periods; but 
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most of the families are not represented earlier than the Tertiary. All the known 
fossil remains of Snakes, except one imperfectly known form from the Creta¬ 
ceous, have been found in deposits of Tertiary age. The Rhynchocephalia are 
much more ancient, being present in deposits as old as the Trias. The order 
Chelonia (except for the still problematic form Eunotowurus, see p. 379), was 
represented from the Triassic period onwards. Of the extinct forms one group 
—the Protosiegtda —differs from the living Chelonia in having the carapace 
incompletely developed, entirely composed of dermal elements, and quite 
separate from the vertebra; and ribs, a condition which is probably secondary 
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and specialised. Archelon, a member of this family, reached twelve feet or 
more in length. The Crocodilia date back as far as the Trias. The most 
primitive of the fossil forms had the internal nares situated in front of the 
palatines, while the external nares were situated towards the middle of the 
snout. Later forms (post-Triassic) had palatine plates developed from the 
premaxillae, the maxilhe, and the palatines; and some resembled the living 
members of the order in having such plates developed also from the pterygoids; 
all had the external nares situated towards the end of the snout. Those in 
which the palatine plates of the pterygoids weir absent had usually amphicoe- 
lous vertebrae. Some of the fossil Crocodiles reached an immense size. Some, 
sis Geosaurus, which had a downwardly turned tail reminiscent of the Ichthyo¬ 
saur condition and swimming paddles, was purely aquatic. 


CLASS IV.—AYES. 

In many respects Birds are the most highly specialised of Craniata. As a 
class they are adapted for agrial life; and almost every part of their organi¬ 
sation is modified in accordance with the unusual environment. The non¬ 
conducting covering of feathers; the modification of the fore-limbs as wings, of 
the sternum and shoulder-girdle to serve a« origins of the great wing-musclcs, 
and of the pelvic girdle and hind-limbs to enable them to support the entire 
weight of the body on the surface of the ground; the perfection of the respira¬ 
tory system, producing a higher temperature than in any other animals : all 
these peculiarities arc of the nature of adaptations to flight. Add to them the 
absence, in all existing Birds, of teeth, the loss of the left aortic arch, and of the 
right ovary and oviduct, the socialised character of the brain, the poorly 
developed olfactory organs, and the extraordinarily large and perfect eyes, and 
wc have a series of strongly-marked characteristics such as distinguish hardly 
any other class. Moreover, the organisation of existing Birds is, in its essential 
features, singularly uniform, the entire class presenting less diversity of structure 
than many single orders of Fishes, Amphibians, and Reptiles. 

Example of the Class. --The Common Pigeon (Colmnba livia, 

var. domeslica). 

The Common or Domestic Pigeon is known under many varieties, which 
differ from one another in size, proixirtions, coloration, details in the arrange¬ 
ment of the feathers, and in many points of internal anatomy. The Pouters, 
Carriers, Fantails, and Tumblers may be mentioned as illustrating extreme 
forms. All these varieties have, however, been produced by artificial selection, 
that is, by breeders selecting, generation alter generation, the Birds which most 
nearly attained to some artificial standard of perfection, breeding from them 
alone, and killing off the inferior strains. Hie ancestral species from which the 
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domestic breeds have in this way been evolved is the Kock Pigeon [Columba 
livia), which is widely distributed in the Palaearctic and Oriental regions. The 
following description refers especially to the common Dovecot Pigeon. 

External Characters. —In the entire Bird (Fig. 394) the plump trunk appears 
to be continued insensibly into the small mobile head, with its rounded brain- 
case and prominent beak, formed of upper and lower jaws covered by homy 



Tig JQ 4-—Colnmba livia, The entire animal from thr left side with most of the feathers 
removed, ad dg tmx ad digital lemex; al.sp ala spuria, an anus, an ap auditory 1 aperture 
tb. rmg cubital remises, tr tore, dg 7, a, 3, digits of manus, dg r', 23', 4', digits ot pes, 
ku.pt. humeral pten la; tg ligament of reratges md dg rmg. mid-digital rcmiges, na nostril 
net m nictitating membrane; a gl. oil gland , pt dg i mg pre-digital xemiges; fit ptgm pre 
patagium pt. ptgm post patagium; ret mesial m trw of right side mV sius of left ret trices, 
sp pt spinal ptervla ts mtts tarso met itarsu* t apt ventral a pterin 111 

sheaths The head, neck, and trunk are invested in a close covering of feathers, 
all directed backwards and overlapping one another. Posteriorly the trunk 
gives origin to a number of outstanding feathers which constitute what is 
ordinarily called the tail. From the anterior region of the trunk spring the 
wings, also covered with feathers, and, in the position of rest, tedded against the 
sides of the body. The legs spring from the hinder end of the trunk, but, owing 
to the thick covering of feathers, only the feet are to be seen in the living Bird, 
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each covered with scales and terminating in four digits (dg. 1' — dg. 4'), three 
directed forwards and one backwards. 

In order to make a fair comparison of the outer fonn with that of other 
Craniate types, it is necessary to remove the feathers. When this is done, the 
Bird is seen to have a long, cylindrical, and very mobile neck, sharply separated 
both from head and trunk. The true tail is a short, conical projection of the 
trunk, known as the uropygium, and giving origin to the group of large feathers 
(rct.) to which the word " tail ” is usually applied. On the dorsal surface of the 
uropygium is a papilla bearing on its summit the opening of a large gland, the 
oil-gland (0. gl.), the secretion of which is used for lubricating or “ preening ” 

* the feathers. 

The wings show the three typical divisions of the fore-limb, upper arm, 
fore-arm, and hand, but the pans of the hand are closely bound together by 
skin, and only three imperfect ly-marked digits, the second (dg. 2) much larger 
than the first (<4f. 1) and third (dg. 3), can he distinguished. In the position of 
rest the three divisions of the wing are bent upon one another in the form of a Z ; 
during flight they are straightened out and extended so that the axis of the 
entire wing is at right angles to that of the trunk. On the anterior or pre-axial 
border of the limb a fold of skin stretches between the upper arm and the fore¬ 
arm ; this is the alar membrane or pre-patagmm (pr. ptgm.). A similar but much 
smaller fold extends, post-axially, between the proximal portion of the upper 
arm and the trunk; this is the post-patagium (pt. ptgm.). 

In the hind-limb the short tlngli is closely bound to the trunk, not standing 
well out as in a Reptile, but directed downwards and forwards; the long shank 
extends from the knee don awards and backwards; and the foot is clearly 
divisible into a proximal portion, the tarso-metatarsus (ts. mtts,), and four 
digits, of which one, the hallux (dg. j'), is directed backwards, the others, the 
2nd, 3rd, and 4th of the typical foot, forwards. The entire hind-limb is in a 
plane parallel with the sagittal plane ol the trunk. 

The mouth is terminal, and is guarded by the elongated upper and lower 
beaks; it has, therefore, a very w ido gape. On cadi side of the base of the 
upper beak is a swollen area of soft skin, the cere (cr.), surrounding the nostril 
(na.), which has thus a remarkably backward position. The eyes are very large, 
and each is guarded by an upper and a lower eyelid and a transparent nictitating 
membrane (net. m.). A short distance behind the eye is the auditory aperture 
(au. ap.), concealed by feathers in the entire Bird, and leading into a short 
external auditory meatus, closed below by the tympanic membrane. The anus 
or doacal aperture (an.) is a large, transversely-elongated aperture placed on the 
ventral surface at the junction of the uropygium with the trunk. 

BxQTfceletpn ,—The oxoskcleton is purely epidermal, like that of the Lizard, 
which it also resembles in consisting partly of homy scales. These cover the 
tarso-metatarsus and the digits of the foot, and are quite reptilian in appearance 
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and structure. Each digit of the foot is terminated by a claw, which is also 
a homy product ot the epidermis; and the beaks are of the same nature. The 
rest of the body, however, is covered by feathers, a unique type of epidermal 
product found nowhere outside the present class. 

A feather (Fig. 3$5) is an elongated structure consisting of a hollow stalk, 
the calatuHS or quill (cal.), and an expanded distal portion, the vexilluM or vane. 
At the proximal end of the quill is a small aperture, the inferior umbilicus (1 inf 
umb.), into which fits, in the entire Bird, a small conical prolongation of the 

skin, the feather papilla. A second, 



l>io. 39 * — Cohunba 11ns. A, proximal portion 
m a remex cal. (alamui; xnj umb infeuor 
umbilirus uh rschii, sup umb. uipenur 11m 
mucus li liloplume C, nestling-down. (f 
from Bionn's Ihienmh ) 


extremely minute aperture, the 
superior umbilicus (sup. umb.), 
occurs at the junction of the quill 
with the vane on the inner or 
ventral face of the feather, i.e., the 
face adjacent to the body. A small 
tuft of down in the neighbourhood 
of the superior umbilicus repre¬ 
sents the after-shaft of many Birds 
-including some Pigeons (vide 
infra). 

The vane has a longitudinal 
axis or rachis (rcA.) continuous 
proximally with the quill, but 
differing from the latter in being 
solid. To each side of the rachis 
is attached a kind of membrane 
forming the expanded part of the 
feather and composed of barbs - 
delicate, thread-like structures 
which extend obliquely outwards 
from the rachis. In an uninjured 


feather the barbs are closely con¬ 
nected so as to form a continuous sheet but a moderate amount of force separates 
them from one another, and it can readily be made out with the aid of a mag- 
nifying glass that they are bound together by extremely delicate oblique 
filaments, the barbules, having the same general relation to the barbs as the 
barbs themselves to the rachis. 


The precise mode of interlocking of the barbs can be made out only by 
microscopic examination. Each barb (Fig. 396, A) is a very thin and long 
plate springing by a narrow base from the rachis, and pointed distally. From 
its upper edge—the edge furthest from the body of the Bird —spring two sets 
of barbules, a proximal set (C) directed towards the base of the feather, and a 
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distal set [D) towards its tip. Owing to their oblique disposition the distal 
barbules of a given barb cross the proximal barbules of the next, each distal 
barbule being in contact with several proximal barbules of the barb immediately 
distal to it (/l). The lower edge of the distal barbule is produced into minute 
booklets (D) : in the entire feather the hooklets of each distal barbule hook over 
prominent flanges of the proximal barbules with which it is in contact (A, B). 
In this way the parts of the feather are so bound together that the entire 
structure offers great resistance to the air. 

Among the contour feathers which form the main covering of the Bird and 




1 tb jcjfc--Strut tun of Feather. J, small portion ol lodtlici with picers ol two barbs, each 
basing to the left three distal barbules, aiul Lo the right i number of piovtinal barbules, mans 
of them belonging to adjacent baths // booklet of distal baibule interlocking with flange of 
pioximal bdTbule (, two adjacent proximal barbules l) a distal baibult (brom Headlcv, 
after Pycraft) 


have the structure just destnbed are found jiloplumes (Fig. JQ5, B) b delicate 
hair-like feathers having a long axis and a few barbs, devoid of locking apparatus 
at the distal end. Nestling Pigeons arc covered with a temporary investment 
of down-feathers (6), in which also there is no interlocking of the barbs: when 
these first appear each is covered by a homy sheath like a glove-finger. 

Feathers, like scales, aiise in the embryo from papillae of the skin (Fig. 
397, A, Bap.), iormed ot dcun with an epidermal covering. The papilla 
becomes sunk in a sac, the feather-follicle (B, !•), fiom which it subsequently 
protrudes as an elongated Jrather-gerw (FK), its vascular derma] interior being 
the feather-pulp (P) The Malpighian layer ot the distal part of the feather- 
germ proliferates in such a way as to form a number of vertical radiating ridges 
(C, Fal. {SAP)): its proximal part becomes uniformly thickened, and in this 
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way is produced the rudiment of a down-feather, having a number of barbs 
springing, at the same level, from the distal end of the quill. The horny layer 
of the epidermis (HS (Sc. 1 )) forms the temporary sheath which is thrown ofi as 
the feather grows and expands. The pulp of the permanent feather ( 0 , F 1 ) 
is formed from the lower or deep end of that of the down-feather, and its 
development is at first similar, but, instead of the ridges of the Malpighian layer 
remaining all of one size, two adjacent ones outgrow the rest and become the 

A. 


I'iCx *97--Six stages in the development of the feathei A, tail> feather-papilla, in its 
follicle; B, feather-germ; C, transverse section oft loather-germ , D, down feather in its follicle, 

E, down-fealher removed from follicle, P, earlv stage of permanent feather Cu, ileimis 

F. folhrle of down-feather 1 \ follnlc of pemunent feather, Pal ISM 1 ) folds of Malpighian 
layei extending into feather germ, Jh feather-gei m / S/>, lalamus of down feat he t; 
IJS(Sc l ) p feather-sheath , list, barbs, P pulp, Pap fealhei papilla, H rachis Sr. stiatuin 
(orneum; .Sr 1 its extension into leather papilla sr< lurbules, SAT stratum Malpighu, SM l . 
its extension into feather-papilla, V vexillum (brom Wiedershnm's Comparative Anatomy, 
after Studcr) 

rachis; as the latter elongates it carries up with it the remaining ridges, which 
become the barbs. 

The feathers do not spring uniformly from the whole surface of the body, 
but from certain defined areas (Fig. 398), the feather tracts or pteryla (sp. pt„ 
hu. pt., etc.), separated from one another by featherless spaces or apteria (v. 
apt., etc.), from which only a few filoplumes grow. The feathers are, how¬ 
ever, long enough to cover the apteria by their overlap, and the body is thus 
completely covered with a thick, very light, and non-conducting investment. 
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In the wings and tail ceitoin special airangcments ot the feathers are to be 
distinguished. When the wing is stretched out at right angles to the trunk, 
twenty-three large feathers (Fig. 394) are seen to spring from its hinder or 
post-axial border, these are the remiges or wing-quiJk Iwelve of them are 
connected with the ulna and arc called cubitah or secondaries (cb mg) I he 
rest are known as primaries seven of these are attached to the metacarpal 
region, and are hence called metucarpdls (mkp ring ), the remaining four or 
digitals to the phalanges of the second and third digits Ihesc are again dis¬ 
tinguished into a single ad-digilal (ad dg rmx), connected with the singl e 
phalanx of the third digit (Fig 402, ph 3), two mid-digttals (md dg mg ) 
with the proximal phalanx of the second digit (Fig 402, ph 2), and two pre- 



lib —l-’tciilosr. i >1 Colnmba livis. A Miitril / dustl at pt alar ptcrjld or wing 

tnrt c pt cephalic pliryla 01 lie id ti ut (d pt cauil 1 pltnli ti till tract ct 4>t crural 
ptcryla ii apt ttivicil aptcrium cn mtkspuc fm ft feinndl ptenli hn pt humeidl 
ptciyli lat apt lateial apUnuni sp pt spinil pUrjli apt vcutial iptenum, i pt ventral 
ptti yl i (\ftcr Njt7M.li) 

digitals (pr dg img) with its distal phalanx (tig 402, ph 2') A special tuft 
of feathers on the anteuor liordcr ot the wing, arising from the pollex (tig 
402, ph 1), forms the ala spuria (ul s/») Ihc spaces which would otherwise 
be left between the bases of the remiges aic filled in, both above and below, by 
several rows of uppet and undei n mg-tooeits In the tail there aic twelve long 
lectmes (Fig 394, nl) or tail-qnills, springing in a semicircle horn the uropv- 
gium, then bases aie covered, as in the wing, by upper and under tail-coverts 
lhe whole leather-arrangement is known as the pterylosis 

Endoakeleton. —The veitebial column is distinguished fioin that of most 
other Cramata by the great length and extreme mobihty of the neck, the 
rigidity ot the trunk-region, and the shortness of the tail As in Reptilia, the 
cervical passes almost ins ensib ly into the thoracic region, and the convention is 
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again adopted of counting as the first thoracic (Fig 398a, th. v. j), tlie first 
vertebra having its ribs united with the sternum. There are fourteen cervical 
vertebrae, the last or last two of which have double-headed ribs (cv. r.), each 
having its proximal end divisible into the head proper articulating with the 
centrum of the vertebra, and a tubercle with the transverse process: their 
distal ends are free, not uniting with the sternum. In the third to the twelfth 
there are vestigial ribs (Fig. 3986, rb.), each having its head fused with the 
centrum, and its tubercle with the transverse process. The whole rib thus has 
the appearance of a short, backwardly-directed transverse process perforated at 
its base; the perforation transmits the vertebral artery, and is called the 
vertebrartenal foramen {vrb.f.). 



Fig. Cotambft lira. llir horns of the trunk an cot aermorauud, a tr <inti 

trot banter, actb acetabulum, tat < anna sterni, id r caudal vertebra, rot coracoid u r 
lervualnbs, / tn>. probe passed into foramen tnosseum, fur furuila, gl n glenoid lavit) 
il ilium is ischium, is for ischiadic foramen olt n obturator notch pu pubis pig st 
p>gobt>le, up scapula *. so 11 sacrum t steimun \t * sUrnalnbs, th i /.first and 
th r 5 last thoracic vertebra. urn uncinates t; t vertebral ribs 


The centra of the cervical vertebra differ from those of all other Vertebrata 
in having saddle-shaped surfaces, the anterior face (Fig. 398ft, 1) being concave 
from side to side and convex from above downwards, the posterior face (B) 
convex from side to side and eftneave from above downwaids. Thus the cen¬ 
trum in sagittal section appears opisthocadous, in horizontal section precocious. 
This peculiar form of vertebra is distinguished as heteroewlous. The centra 
articulate with one another by synovial capsules, each traversed by a vertical 
plate of cartilage, the meniscus, with a central perforation through which a 
suspensory ligament passes from one centrum to the other. 

The first two vertebra, the atlas and axis, resemble those of the Lizanl, but 
have the various elements of which they are composed completely fused. The 
small size of the ring-like atlas is noticeable. 
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Between the last cervical vertebrae and the pelvic region come either four 
or five thoracic vertebrae (Fig. 398a)—the first three, when four only are present, 
the second, third, and fourth, when there are five, united into a single mass, the 
last free. The anterior thoracic as well as the posterior cervical vertebrae have 
the centrum produced below into a compressed plate, the hypapophysis, for 
the origin of the flexor muscles of the neck. 1 hey all bear ribs, each consisting 
of a vertebral (w. r.) and a sternal (s/.r.) portion, and articulating with the 
vertebra by a double head. The sternal, like the vertebral rib, is formed of 
true bone, not of calcified cartilage as in Reptiles, and articulates with the verte- 



]*ig. 398S —Colnmba 
lint. Cervical vertelua 
A, anterior, U postmen- 
lace, a evg anterior 
lygdpophjfeis, cm . cen 
tram; 11 a. neural arch, 
p svg postciior 7 vgapo 
pbysis, tb rib, nb f 
vertebrarlenal foramen 



c- 

Fir. 398c Colnmba 
Una. Sat min ol a nest¬ 
ling (about fourteen da> s 
<>W) f ventral aspt.Lt c l 
centrum of first sural 
\ ertebm ; c l centrum of 
fifth caudal t r first 
sai ral nb l l 1 ontrum of 
first lumlm , /* thud 

lumbar, s 1 of fourth 
lumbar a’ nf sixth lum 
bai, Um p liansvene 
piocesB of lirst lumbax, 
tr, p' of fifth lumbar, 
tr. p" of lir&t sacral 
(From 1‘arkei\ 7ootom\ ) 


bral rib by a synovial joint. Springing irom the posl erior edge of the verte¬ 
bral rib is an uncinate (unc.), resembling that of'Sphenodon and the Crocodile, 
but formed of bone and ankylosed with the nb. 

Following upon the fourth or fifth thoracic are about twelve vertebrae, all 
fused into a single mass (Fig. 39811, s.scr.), and giving attachment laterally to 
the immense pelvic girdle. The whole of this group of vertebrae has, therefore, 
the function of a sacrum, differing from that of a Reptile in the large number of 
vertebrae composing it. The first of them bears a pair of free ribs, and is, 
therefore, the fifth or sixth (last) thoracic (th. r. 5). The next five or six 
have no free ribs, and may be looked upon as lumbar (Fig. 398c, P.—s 8 .): 
voi.. 11. 2 f 
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their transverse processes arisehigh op oh the neuralarch, and the ligament 
uniting themisossified.so that the lumbar region presents dorsally a continuous 
plate of bone. Next come two sacral vertebra (c 1 .) homologons with those of 
the Lizard: besides transverse processes springing from the neural arch, one 
: ' ' . m ■ fj. or both of them bears a second or 

'=•. ,.J | *' mx "Ml ventral outgrowth (c, r.) springing 

,M * S' III from each side of the centrum and 

««' ']■ mt abutting against the ilium just in- 

Wml' 1 '*-" 0 k tetnal to the acetabulum. These 

*«—yftm •*■*-—JHfc distinctive processes are ossified in- 

J \tlV J"je jHr «k dependency and represent sacralribs. 

f* ‘ j[HBy The remaining five vertebra of the 

g W pelvic region are caudal. Thus the 

WmijS' • mass of vertebra supporting the 

** , pelvic girdle in the Pigeon is a com- 

pound sacrum, or syn-sacrum, formed 
. rt u" by the fusion of theposterior thoracic, 

»«"’ Tc\* all the lumbar and sacral, and the 

C n a '\ \ anterior caudal vertebra. 

«„ The syn-sacrum is followed by six 

free caudals, and the vertebral column 
ends posteriorly in an upturned, com- 
^* pressed bone, the pygostyle or plough- 

^ share-bone (Fig. 398 a,pyg.st.), formed 

Fig. 3 jM- JhhS*» hL Skull of young h Y the fusion of four or more of the 
specimen. A* dorsal; jfi, ventral; C, left side, hindmost Caudal vertebra, 
at.s. alisphenoid; an. angular; ar. articular; —, ... , 

b. 0. basi-occipital; d. dentary; e.o. exoccipital ; Thus the composition Ot the 

e «- aperture of Eustachian tube; /. m. foramen ver t e bral column of the Pigeon may 
magnum; fr , frontal; t. o. 5 . inter-orbital ° J 

septum; ju. jugal; Ic. lacrymal ; lb. s. lamboidal be expressed in a vettcoTUl formula . 1 

S 55 i 5 ±TSf Sif: Tl* (Fig- 398.. „.) bone 

O. c. occipital condyle; or. fr. orbital plate of of the most characteristic parts of 
frontal; pa. parietal; pa.s. parasphenoid (ros- ,, , . . T . • u j 

trum); pi. palatine; p.mx, premaxilla; pt. the Birds skeleton. It IS a broad 

pterygoid; ^. quadrate; s. «»». supra-anguUr; p ] ate Q f bone produced ventrally, in 
5. 0. supra-occxpital; squamosaL* ty. tym- r .,, . , . . , , i 

panic cavity; II — XII, foramina lor cerebral the sagittal plane, into a deep keel 
nerves, (From Parker’s Zootomy.) or carina sierni (**,.), formed, in the 

young bird, from a separate centre of ossification. The posterior border of 
the sternum presents two pairs of notches, covered, in the recent state, by 
membrane; its anterior edge bears a pair of deep grooves for the articulation 
of the coracoids. 

The skull (Fig. 398(f) is distinguished at once by its rounded brain-case, 


A *an. J* 

Fig. 3981*.--Coliimhl livia. Skull of young 
specimen. A^ dorsal; jfi, ventral; C, left side. 
aLs . alisphenoid; an. angular; ar. articular; 
6. 0. bast-occipital; d. dentary: e.o. exoccipital ; 
eu. aperture of Eustachian tube; /. m. foramen 
magnum; fr. frontal; i. o. s. inter-orbital 
septum; ju. jugal; Ic. lacrymal; lb. s. lamboidal 
suture; m.eth. mesethmoid; mx. maxilla; nut. p. 
maxillopalatine process; na. na* . na". nasal; 
o. c . occipital condyle; or. fr. orbital plate of 
frontal; pa. parietal; pa.s. parasphenoid (ros¬ 
trum) ; pi. palatine; p.mx , premaxilla; pt. 
pterygoid; qu. quadrate; s. an. supra-angul&r; 
s. 0. supra-occipital; sq. squamosaL* ty. tym¬ 
panic cavity; II — XII, foramina lor cerebral 
nerves. (From Parker's Zootomy.) 


1 Cerv. 14. Thor. 4 or 5 + i. Lumb. 


Syn-sacrum. Pyg. 

5 orb. Saar. 2, Gaud. 3 + 6 + 4 1 
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immense orbits, and long, pointed beak. The foramen magnum (/. tn.) looks 
downwards as well as backwards, so as to be visible in a ventral view, and on 
its anterior margin is a single, small, rounded occipital condyle (o. c.). Most of 
the bones, both of the cranial and facial regions, are dimly ankylosed in the 
adult, and can be made out only in the young birds 

The ocdpitals, panetals, lrontals, and ahsphcnoids have the usual relations 
to the brain-case, the basi-occipital [b. o.), as in the Lizard, bearing the occipital 
condyle. The basisphcnoid (Fig. 399, B. SPH.) is a large bone forming the 
greater part of the basis crami and continued forwards, as in the Lizard, by a 



lit. yip) Sagittal st f lion of a Bud’s skull (diagrammatic ) lit placing Bums AL.SFH. 
ahsphenoid ART. uituukii B. OC. bast occipital, B. SPH. bn si sphenoid; EP.OT. epiotic, 
BX.OO. cxocciptal M.ETH. nicsethnionl OP.OT. opisthotu , ORB. SPH. orbito sphenoid, 
PR. OT. pro-otn QU. quachate S. OC. Mipia otupilal lmesting (one* — 4 A G. angulir 
li IMP basitemporal (OB coronary J>\ l demm IB frontal JT jugal, L( R 
lamnial MX maxilla A i nisal PA p metal l* 41 palatine PM\ prenuuulla 
Pit* pterygoid, Ql' Jl quadiatojugal RsJ rostrum, k A \h Mipra angular, SPl 
spltuial S Q squamosal, T 0 \orm r fit fas flexiular fci^sa iw a pal pr maxillo palatme 
process, opt fnt optii foiamen oib pi oilulal process of pr otii pitxcss, ply fos pituitary 
fossa 

slender rostrum (Fig. 398 d.ptt.s, Fig. 399, RST.), which represents the anterior 
portion of the parasphenoid On the vential aspect of the basisphenoid 
paired membrane bones, the bas\-tcmporah (Fig 399, B ’IMP), are developed, 
and become lirraly ankylosed to it in the adult: they piobably represent the 
posterior portion of the parasphenoid 'The tympanic cavity is bounded by 
the squamosal (Fig sq.), which is firmly united to the other cranial 

bones. The main part of the auditory capsule is ossified by a large pro-otic 
(Fig. 399, PR. OT.) : the small opisthotic of the embryo early unites with the 
exocdpital, the epiotic with the supra-occipital. The parasphenoid and 
mesethmoid together form the intcr-otbiial septum (Fig. 3981/, 1 0. s.), a vertical 
partition, partly bony, partly cartilaginous, which separates the orbits from 
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one another. It is very characteristic of the bird’s skull that the immense 
size of the eyes has produced a compression of this region of the skull The 
ecto-ethmoids or turbinals are comparatively poorly developed, in corres¬ 
pondence with the small size of the olfactory organs. There are large lacry- 
mals (Fig. 3g8d, lc., Fig. 399, 1 ( 7 ?.), and the nasals (na, na', na", NA) are 
forked bones, each furnishing both an inner and an outer boundary to the 
corresponding nostril. 

The premaxillae ( p.mx., PMX.) are united into a large triradiate bone which 
forms practically the whole of the upper beak. The maxillae (mx., MX.), on 

the other hand, are small, and have their anterior 
ends produced inwards into spongy maxillo-palatine 
processes (Fig. 398**, mx. p., Fig. 399, true. pal. pr). 
The slender posterior end of the maxilla is con¬ 
tinued backwards by an equally slender jugal (ju., 
JU.) and quadratojugal ( QU.JU.) to the quadrate. 
The latter (qu., QU.) is a stout, three-rayed bone 
articulating by two facets on its otic process (ot. 
pr.) with the roof of the tympanic cavity, sending 
off an orbital process ( orb. pr.) from its anterior 
margin, and presenting below a condyle for arti¬ 
culation with the mandible; it is freely movable 
upon its tympanic articulation, so that the lower 
jaw has a double joint as in Lizards and Snakes. 

The palatines (pi, PAL.) have their slender 
anterior ends ankylosed with the maxilla, their 
scroll-like posterior ends articulating with the 
pterygoids and the rostrum. I he pterygoids (ft., 
PTCr.) are rod-shaped and set obliquely; each 
articulates behind with the quadrate, and, at about 
the middle of its length, with the bast-pterygoid 
process, a small faceted projection ot the base of the rostrum. There is no 
vomer in the Pigeon. 

The mandible of the young Bird consists of a replacing bone, the articular 
(ar , ART.), and tour investing bones the angular {an., ANC ), supra-angular 
(s.a»., S. ANG.), dentary [d., DNT.), and splcnial (SPL.), all having the same 
general relations as in the Lizard. 'I he hyoid apparatus (big 400) is of charac¬ 
teristic form, having an arrow-shaped lxidy (b. Jiy ) with a short pail of anterior 
cornua (c. hy.) denved from the hyoid arch, and a long pair of posterior cornua 
(c. br., ej). hr.) from the fu st branchial. The ( olwneUa (Fig. 401) is a rod-shaped 
bone ankylosed to the stapes, and bearing at its outer end a three-rayed car¬ 
tilage, the extra-columella (e. st., i. st., s. st.), fixed to the tympanic membrane. 

The shoulder-girdle (Fig. 398a )is quite unlike that of other Craniates. There 



fciG. 400 - -Columba livii. 
Hyoid apparatus. The carti- 
Jaginous parts are clotted 
h br T t b br J basi-bram hialb, 
b ki btisibwl, c hr cciato 
branchial, l A» hyoid cornu 
ep for epi brant Inal 
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is a pair of stout, pillar-likc coracoids (cor.) articulating with deep facets on the 
anterior border of the sternum, and directed upwards, forwards, and outwards. 


The dorsal end of each is produced into a 
acro-coracoid process (act. cor.), and below 
this, to the posterior aspect of the boue, is 
attached by ligament a sabre-shaped scapula 
(sep .) which extends backwards over the 
ribs, and includes, with the coracoid, an 
acute angle, the coraco-scapular angle. The 
glenoid cavity (gl. cv.) is formed in equal 



Fig. 401.— Columbft IMa. The co¬ 
lumella aims (magnified). The cartiU- 
gmous parts are dotted* e. si. extra- 
stapedial; f. st. mfra-stapedi&l; s. st. 
supra-stappdial; st stapes. (From Par¬ 
ker's Zootomv.) 


proportion by the two bones; internal to it 
the scapula is produced into an acromion 
process. 

In front of the coracoids is a slender 
V-shaped bone, the furcula (fur.) or " merry¬ 
thought," the apex of which nearly reaches 
the sternum, while each of its extremities is 
attached by ligament to the acromion and 
acro-coracoid processes of the corresponding 
side in such a way that a large aperture, 
the foramen Iriossetm (f. trs.), is left between 
the three bones of the shoulder-girdle. The 
furcula is an investing bone and represents 
fused clavicles and interclavicle. 

Equally characteristic is the skeleton of 
the fore-limb. The hionems (Fig. 402 , Am.) 
is a large, strong bone, with a greatly 
expanded head and a prominent ridge for 
the insertion of the pectoral muscle. In it, 
as in all the other long bones, the extremi¬ 
ties as well as the shaft are formed of true 
bone. The nidi us (ra.) is slender and nearly 
straight, the ulna stouter and gently curved. 
There are two large free carpals, a radiale 



(ra'.) and an ulnare (ul'.), and articulating 
with these is a bone called the carpo- 
metacarpus (cp. mtep.) consisting of two 
rods, that on the pre-axial side strong and 
nearly straight, that on the post-axial side 
slender and curved, fused with one another 


l<u>. 402.— Golumba IMa. Skeleton 
of the left wing. cp. mtep. carpo-meta- 
carpus; ku. humerus; ph. i, phalanx 
of first digit; ph. a', ph. a ", phalanges 
of second digit; ph. 3, phalanx of third 
digit; pn. for. pneumatic forameu. 
ra. radius, ra'. radiale; ul. ulna; ul'. 
ulnare. 


at both their proximal and distal ends; the proximal end is produced, pre- 


axially, into an outstanding step-like process. The study of development 
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shows that this bone is formed by the union of the distal carpals with three 
metacarpals (Fig. 403), the second and third of which are the two rod-like 

portions of the bone, the first the step-Uke projection. 
Articulating with the first metacarpal is a single 
pointed phalanx (Fig. 402, ph. j); the second meta¬ 
carpal bears two phalanges, the proximal one {ph. 2') 
produced post-axiolly into a flange, the distal one 
{ph. 2") pointed; the third metacarpal bears a single 
pointed phalanx (ph. 3). 

The pelvic girdle (Fig. 398a) resembles that of no 
other Vertebrate with the exception oi some Dino¬ 
saurs. The iltum (it.) is an immense bone attached 
by fibrous union to the whole of the syn-sacrum and 
becoming ankylosed with it in the adult. It is divisible 
into pre-acetabular and post-acetabular portions of 
approximately equal size. As usual it furnishes the 
dorsal portion of the acetabulum, and on the posterior 
edge of that cavity is produced into a process, the 
anti-trochanter {a. tr.), which works against the tro¬ 
chanter, a process of the femur. The ventral portion 
of the acetabulum is furnished in about equal pro¬ 
portions by the pubis and ischium (Fig 404). it is not 
completely closed by bone, but is perforated by an 
aperture covered by membrane in the recent state. Both pubis and ischium 
are directed sharply backwards from their doisal or acetabular ends The 
ischium (is.) is a broad bone, ankylosed posteriorly with the ilium, and 
separated from it in front by an 
ischiattc foramen (Fig. 398a, is for .; 

Fig. 404, i. s. /.). The pubis ( pu.) is 
a slender, curved rod, parallel with 
the ventral edge of the ischium, and 
separated from it by an obturator 
notch (Fig. 395, obt. n. ; Fig. 404, ob. /.). 

Neither ischium nor pubis unites 
ventrally with its fellow to form a 
symphysis 

In the hind-limb the femur (Fig. 

405 ,fe.) is a comparatively short bone. 

Its proximal extremity bears a promi¬ 
nent trochanter (tr.) and a rounded head 
( hi.), the axis of whidt is at right angles to the shaft of the bone; so that the 
femur, and indeed the whole limb, lies in a plane parallel with the sagittal 



alf » /»• 


1'iG 401 Oolumba livia. left innomin¬ 
ate of a nestling, lhc cartilage is dotted 
at at etabulum , a tr. .mti-trochanter, il. pre- 
Ai etabulai, and %V, post-acetabular portion of 
ilium, if ischium, j. * f ischiadic foramen; 
ob f ohtuiatnr notch, pu pubis (lTom 
1 ’arkeTs Zootomy ) 



hie 403—Columba 
11 via. Left manub of a 
nestling. The cartilaginous 
parts arc dotted cp J, 
radiate, cp 2, ulnart,, 
mep j, j, metacarpals, 
ph . I, phalanx of first digit 
ph 2 , ph J , phalanges of 
seioml digit, ph. j, 
phalanx of thud digit, 
ta ladiub, ul ulna 
(J rom Paikcr’s Zootom\ } 
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plane of the trunk, and is not directed outwards as in Reptiles. Its distal end 
is produced into pulley-like condyles. There is a small sesamoid bone (i.e., a 


bone developed in a tendon), the patella (pat.), on 
the extensor side of the knee-joint. Articulating 
with the femur is a very long bone, the tibio-tarsus 
(Pi. &.), produced on the anterior face of its proximal 
end into a large cnemial process (cn. pr.) for the 
insertion of the extensor muscle of the thigh. Its 
proximal articular surface is slightly hollowed for 
the condyle of the femur; its distal end is pulley¬ 
like, not concave like the corresponding extremity 
of the tibia of other Amniota. The study of 
development shows that the pulley-like distal end 
of the bone (Fig. 406, tl. l) consists of the proximal 
tarsals—astragalus and calcaneum—which at an 
early period unite with the tibia and give rise to 
the compound shank-bone of the adult. The fibula 
(fi.) is very small, much shorter than the tibia, and 
tapers to a point at its distal end. 

hollowing the tibio-tarsus is an elongated bone, 
the tarso-meiaiatsus (Fig. 405, h. mtts ), presenting 
at its proximal end a concave surface for the tibio- 
tarsus, and at its distal end three distinct pulleys 
for the articulation of the three forwardly-directed 
toes. In the young bird the proximal end of this 
bone is a separate cartilage (Fig. 40b, tl. 2), repre¬ 
senting the distal tarsals, and followed by three 
distinct niotatarseds, belonging respectively to the 
second, third, and fourth digits. Thus the ankle- 
joint of the bird is a mesotunal joint, occurring, .i> 
in the Lizard, between the proximal and distal 
tarsals, and not, as in Mammals (q.v.), between the 
tibia and the proximal tarsals. To the inner or 
pre-axial side of Ihe tarso-metatarsus, near its distal 
end, is attached by fibrous tissue a small irregular 
bone, the first metatarsal (Fig 405, mtts. j). The 
digits have the same number of phalanges as in the 
Lizard, the backwardly-dirccted hallux two, the 
second or inner toe three, the third or middle toe 
(our, anti the fourth or outer toe five In all four 



lot. 405 — Columba lira. 
Bunn ul the left hind-liiuh 
cn. pr. cnemul process, ft 
femur; p. fibula, HA bead 
of femur; nuts, r, nrst meta¬ 
tarsal ; Pat patella, pk i 
phalanges of first digit, ph. 4 
phalanges of fourth digit. ti 
Is tibio-tar&us, ts. tnttt 
tarso-metatarsus, It tro 
1 hunter. 


digits the distal or ungual phalanx is pointed and curved, and serves for the 


support of the homy claw. 
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It will be observed that every part of the bird’s skeleton presents charac¬ 
teristic and indeed unique features. The vertebral column, the skull, the ster¬ 
num, the ribs, the limb-girdles, and the limbs themselves are all so highly 
specialised that there is hardly a bone, except the phalanges of the toes and the 
free caudal vertebra, which could possibly be assigned to any other vertebrate 
class. 

A further peculiarity is the fact that the larger proportion of the bones 
contain no marrow, but are lilled during life with air, and are therefore said to 
be pneumatic. The cavities of the various bones open externally in the dried 
skeleton by apertures called pneumatic foramina (Fig. 402, fn. fr.),by which, in 
the entire Bird, they communicate with the air-sacs (vide p. 445). In the 

Pigeon the bones of the fore-arm and hand, and of 
the leg, are non-pneumatic. 

Muscular System. —As might naturally be ex¬ 
pected, the muscles of the fore-limb are greatly 
modified. The powerful downstroke of the wing by 
which the Bird rises into and propels itself through 
the air is performed by the pectoralis (Fig. 407, pet.), 
an immense muscle having about one-fifth the total 
weight of the body; it arises from the whole of the 
keel of the sternum (car. st.), from the posterior part 
of the body of that bone (ip.st.), and from the 
clavicle (cl ), filling nearly the whole of the wedge- 
shaped space between the body and the keel of the 
sternum and forming wlut is commonly called the 
"breast ” of the bird. Its fibres converge to their 
insertion (pet") into the ventral aspect of the 
humerus (hit., Jin’.) which it depresses. The eleva¬ 
tion of the wing is performed, not, as might be 
expected, by a dorsally-placed muscle, but by the 
subclavins (sb.clv.), arising from the anterior part of the body of the sternum, 
dorsal to the pectoralis, and sending its tendon (sb.clv'.) through the foramen 
triosseum to be inserted into the dorsal aspect of the humerus. In virtue of 
this arrangement, the foramen acting like a pulley, the direction of action of the 
muscle is changed, the backward pull of the tendon raising the humerus. There 
are three tensorespatagii (1 ins. lg., tns, hr., tns. acc.), the action of which is to keep 
the pre-patagium tensely stretched when the wing is extended. A similar 
muscle (tns. m p.) arts upon the jiost-patagium. The muscles of the digits are 
naturally much reduced. 

The muscles of the neck and tail are well developed; those of the back are 
practically atrophied, in correspondence with the immobility of that region. 
In the leg certain of the muscles are modified to form the perching mechanism. 



Fig -in6.- Colombalivia. 
Part of left foot of an un- 
hatclicd embryo (magnified) 
1 he cartilage ib dotted mil 
2 , second, mil. j, third, and 
mtl 4 , fourth metatarsal; 
ti. tibia, tl. i, pioximal 
tarsal cartilage, tl. j, distal 
tarsal cartilage (110m 
Parker's Zootomy ) 
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The toes are flexed by two sets of tendons and superficial. The deep tendons 
of the three forwardly-directed digits are formed by the trifurcation of the 
tendon of a single muscle, the perottaus ntedius ; that of the hallux is derived 
from a separate muscle, the flexor perforans, which is joined by a slip from the 
pennueus medius. Thus a pull upon one tendon flexes all the toes. When the 
leg is bent, as the bird settles to roost, the flexion of the taxso-metatarsus on the 
shank puts the flexor tendons on the stretch as they pass over the mesotarsal 
joint, and by the pull thus exerted the toes are automatically bent round the 
perch by the simple action of flexing the leg. They are kept in this position 



Klg. 407. -Oohunta lirim. The principal muscles of the left wmg, the greater part of the 
nei toralis (pit) is removed tat. >f raimaslemi, il furcula, tot coracoid; cor. br. br. coraco- 
brachialib brevis; tor. ht Ig t oracu brachialis longus, ip ft corpus sterm, rxt. op. rd. extensor 
carpi nullahs; rxt cp ul cxtcnsm 1 arpi ulnaiis, ft tp ttl tic's'n carpi ulnaris; gl.t glenoid cavity; 
hu. head of humerus, hu'. its distal end, pet. pec totalis pit', its cut edge; pet’ 7 its insertion; 
/1 ni. br pronator brevis; prn Ig pronator longus, pr. ptgtn pre-patagium; pt ptgm post- 
pa tagium ; sb.tlv. siibc lavius; ib clt its tendon of insertion passing thtougn the foramen 
triossemn, and dotted as it goes to the humerus ■ tns. ace. tonsoi accessorius, tns. br. tensor 
hievis, tns Ig. tensor longus; tn% m. p lensoi membra njp posteriori-. ila* 

while the bird is asleep by the mere weight of the body. The action is assisted 
by a small but characteristic muscle, the ambiens, which arises from the pubis, 
passes along the inner surface of the thigh, and is continued into a long tendon 
which comes round to the outer side of the knee, enclosed in a special sheath, and 
continuing down the leg, joins the superficial flexors of the digits. 

Digestive Or gans, —The mouth (Fig. 408) ib bounded above and below by 
the homy beak, and there is no trace of teeth. The tongue (fng.) is large and 
pointed at the tip. The pharynx leads into a wide and distensible gullet (gul.) 
which soon dilates into an immense reservoir or < rop (crp.) situated at the base of 
the neck, between the skin and the muscles, and immediately in front of the 
sternum. In this cavity the food, consisting of grain, undergoes a process of 
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maceration before being passed into the stomach. From the crop the gullet is 
continued backwards into the stomach, which consists of two parts, the pro- 
ventriculus {J>rvn.) and the gizzard (giz.). The proventnculus appears extern- 



J'lti 408—Columbia livia. Direction ironi the light side Iht hod) w.ill ujth the 
vertebral column, sternum, brain etc , art 1 in sagittal section portions of tho gullet and crop 
are cut awa\ and the cloaca is opened, nearh the whole of the ileum is removed and the 
duodenum is displaced outwards a at* aoitu anh hi 1 , bd z, Ink ducts b fabr bur&a 
babncn, cbl cerebellum cat light c ctum r pdm y opiodtinim, tt. celt trb A ltltccrebi.il 
hemisphere, ctp crop, it 1 j first (tivical vertebra; die*, diacoele dnt dentary, duo 
duodenum, eiti ap aperture of 1 ust.nlii,in tulxs t?i- gizzard (dotted behind the liter), rl 

G lottis gul gullet, iltn ileum t orb */> ml it cubital septum; kd right kidney //jg, right 
mg, h liver inght lobe), va bristle passed from mist til into mouth, obi v/» oblique septum, 
o gl oil gland pid pericardium pun prtmaxilld pn pantreah; pn b pineal body p nd , 
*■—?.pancreatic ducts, pt 1 . rightpre 1 aval ptdw proctodsram, pun provontriuilus (dotted 
behind liveil f pt it postiasal pt\ b pituitaiy IkkIv , pyg st pygostyle; 9. u«. right auricle, 
r hr right bronchus 91/ rectum * mt right vent m 1c, sp cd spina! coni* spl spleen (dotted 
behind liver), $ rhb sums rhomhmdalis a s. sri syn sacrum; ti carina storm, avi syrinx, 
th v T, first, and th i 5, fifth thoracic vertebra in? tongue; tr trachea /« right testis* nr, 
aperturo of left ureter urdnt urod*uin t df aperture of left vas deferens 

ally like a slight dilatation of the gullet; but its mucous membrane is very 
thick, and contains numerous gastric glands so large as to be visible to the 
naked eye. The gizzard has the shape of a biconvex lens: its walls are very 
thick and its lumen is small. The thickening is due mainly to the immense 
development of the muscles which radiate from two tendons, one on each of 
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the convex surfaces. The epithelial lining of the gizzard is very thick and 
horny, and of a yellow or green colour: its cavity always contains small stones, 
which are swallowed by the bird to aid the gizzard in grinding up the food. 

The duodenum (duo.) leaves the gizzard quite close to the entrance of the 
proventriculus and forms a distinct loop enclosing the pancreas. The rest of 
the small intestine is called the ileum (ilm.): it presents first a single loop; 
then follows its greater part coiled into a sort of spiral; and lastly comes a 
single loop which passes without change of diameter into the rectum (ret.), the 
junction between the two being marked only by a pair of small blind pouches 
or caca (cae .). The cloaca is a large chamber divided into three compartments, 
*thc coprodaum (cpdm), which receives the rectum, the urodaum ( urdm .), into 
which the urinary and genital ducts open, and the proctodaium (prim), which 
opens externally by the anus. 

There are small buccal glands opening into the mouth, but none that can be 
called salivary. The liver ( Ir .) is large, and is divisible into right and left lobes, 
each opening by its own duct (b. d. i, b. d. s) into the duodenum: there is no 
gall-bladder. The pancreas (pn ) is a compact reddish gland lying in the loop 
of the duodenum, into which it discharges its secretion by three ducts (pn. d. 
1-3). A thick-walled glandular pouch, the bursa Fabricii (b.fabr), lies against 
the dorsal wall of the cloaca in young birds and oj>ens into the proctodxum : 
it atrophies in the adult. 

Duetless Glands.- The spleen (spl.) is an ovoid red body, of unusually 
small proportional size, attached by peritoneum to the right side of the pro- 
ventriculus. There are paired thyroids at the base of the neck; and, in young 
Pigeons, there is an elongated thymus on each side of the neck. The adrenals 
(Fig. 417, air.) are irregular yellow bodies placed at the anterior ends of the 
kidneys. 

Respiratory and Vocal Organs.—'The glottis (Fig. 408, gl.) is situated just 
behind the root of the tongue, aud leads into the larynx, which is supported by 
cartilages—a cricoid divided into four pieces, and paired arytenoids—hot does 
not, as in other vertebrates, function as the organ of voice. The anterior part 
of the trachea (tr.) has the usual position, ventral to the gullet; but further back 
it Is displaced to the left by the crop, becoming ventral once more as it enters 
the body-cavity, where it divides into the right (r. br.) and left bronchi. The 
rings suppor tin g the trachea are not cartilaginous but bony, as also is the first 
ring of each bronchus, those of the trachea completely surrounding the tube, 
those of the bronchi incomplete mcsiallv. 

At the junction of the trachea witli the bronchi occurs the characteristic 
vocal organ, the syrinx (syr), found in no other class. The last three or four 
rings of the trachea (Fig., 4oq tr), and the first or bony half-ring of each 
bronchus (br), arc modified to form a slightly dilated chamber, the tympanum, 
the mucous membrane of which forms a cushion-like thickening on each side. 
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At the junction of the bronchi a bar of cartilage, the pessulus, extends darso- 
ventrdly and supports an inconspicuous fold of mucous membrane, the mem- 
brana semilunaris. The membranous inner walls of the bronchi form the 
internal tympaniform membranes. A pair of intrinsic syringeal muscles arise 
from the sides of the trachea and are inserted into the syrinx, and a pair of 
stemo-tracheal muscles arise from the sternum and are inserted into the trachea. 
The voice is produced by the vibration of the semi lunar membrane: its pitch 
is altered by changes produced by the action of the muscles. 

# The lungs (Figs. 408, Ing., and 409) are very small in comparison with the 

size of the bird, and are but slightly 
distensible, being solid, spongy organs, 
not mere bags with sacculated walls 
as in ampliibia and many reptiles. 
Their dorsal surfaces fit closely into 
the spaces between the ribs, and have 
no peritoneal covering: their ventral 
faces are covered by a strong sheet of 
fibrous tissue, the pulmonary aponeu¬ 
rosis ox pleura (Fig. 4x0, B, pul. ap.), 
a special development of the peri¬ 
toneum. Into this membrane are 
inserted small fan-like costopulmonary 
muscles, which arise from the junction 
of the vertebral and sternal ribs. 

The bronchus, on entering the 
lung, is continued to its posterior end 
(Figs. 408 and 409), dividing into 
two branches, each of which enters a 
bladder-like air-sac, formed as a dila¬ 
tion of the mucous membrane of the 
bronchus. One of these, the abdominal air-sac (Fig. 410, A, abd. a. s.), lies among 
the coils of the intestine; the other, ox posterior thoracic air-sac {post. th. a. s.), is 
closely applied to the side-wall of the body. The bronchus also gives off, near 
its entrance into the lung, three short branches, one of which becomes connected 
with an anterior thoracic air-sac {ant. th. a. s.), situated just in front of the pos¬ 
terior thoracic; another with an interdavicular air-sac {int. clav. a. s.), which 
is median and unpaired and connected with both lungs; the third enters a 
cervical air-sac {cerv. a. s.) placed at the root of the neck. Each side of the 
interdavicular gives off an axillary air-sac, lying in the arm-pit. All these sacs 
are paired except the interdavicular, which is formed by the fusion of right and 
left moieties. The sacs are in communication with the pneumatic cavities of 
the bones, ' 



Fig. 409 - -Calnmfe» lim. The lungs with 
the postenor end of the trachea, ventral aspect, 
a. »fi. aperture of antenoi thoracic air sac , 
hr. principal bronchus; br*, hr", secondary 
bronchi; p. aperture of abdominal air-sac ; /> a 
pulmonary artery entering lung, f. in. aperture 
of posterior thoracic air sac; p. v. pulmonary 
vein leaving lung, sb b. aperture of uitcr- 
clavicular air-sac, sp. b. aperture of cervical 
air-sac; sy. syrinx; tr. trachea. (From Par¬ 
ker’s Zootomy.) 
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thence by diffusion into the pneumatic cavities of the bones. Thus, while in 
other animals a certain amount of unchanged or residual air is always left 
in the lungs after each expiration, in Birds the residual air is confined to the 
air-sacs and to the smaller branches of the bronchi, every respiratory movement 
drawing a current of fresh or tidal air through the lungs. As a result of this 
the aeration of the blood is very complete and its temperature correspondingly 
high. It is worthy ol notice that Birds agree with Insects, the only other 
typically aerial class, in having the inspired air distributed all over the body, so 
that the aSration of the blood is not confined to the limited area of an ordinary 
organ. 

Circulatory Organs. —The heart (Fig. 411) is of great proportional size, and, 



Fir, 411 - j heart of the Pigeon, dni sal aspect a ao an hoi aorta, bt a brat hi.il arid > 
bf 1 brachial >0111, i c lommon tarotid ju jugular, l m leit tunclc, l p a lcit puliuonar\ 
artery, / vu. left >entiicle, pt i left pre-t aval pUc pnst-i aval, p. o. pulmonary \i ms, t au 
9 an', right aunclr , t p a right pulinon.«r\ artery, r pr c right pre-caval, r <n Tight ventricle 
B t heart of a Bird *ith the right \tntnilr opened / \ septum \entnuilorum II 1' light 
ventricle, V. right auriciiJo\eutnculai \alvc H fioni l’arkci s /outowy , B 3 lrom HeadU \S 
Birds) 

like that of the Crocodile, consists of four chambers— right and left auricles , 
and right and leit ven tricles. There is no sinus venosus, that chamber being, 
as it were, absorbed into the right auricle (Fig 411, A, r. au .). The right 
ventricle (Fig. 411, B) partly encircles the left, the former having a crescentic, 
the latter a circular cavity in transverse sections. The left auriculo-ventricular 
valve has the usual membranous structure, consisting of two flaps connected 
with the wall of the ventricle by tendons, but the corresponding valve of the 
right side (V.) is a large muscular fold, \eiy characteristic of the class. 

The right auricle receives the right and left pi ecavals (r. pr. c„ p. c. v.) and the 
post-caval fp fc); the left four large pulmonary veins (p v). The left ventricle 
(Fig. 412, l. vn ), as in the Crocodile, gives origin to the right aortic arch (a. 
ao.), but the right ventricle (r m) gnos off only one trunk, the pulmonary 
artery, which soon divides into two (r. p. a., 1. p. a). T he left aortic arch is 
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Fig. 412.—Mnmba llvia. The heart and chief blood-vessels, ventral aspect, a. ao. arch 
of aorta: a , m. a. anterior mesenteric artery; 0. r. v. afferent renal veins; 0. r. v*. vein bringing 
blood from pelvis into renal portal system; hr. 0. brachial artery ; hr. v . brachial vein ; c. candal 
artery and vein; c. c. common carotid artery; c. m. v. coccygco-rnescnteric vein, displaced to the 
right ; up. a. cceliac artery; d. ao. dorsal aorta; e. c. external carotid artery; epg. epigastric vein; 
e. t, v. efferent renal rain; /, 0. femoral artery; /. v. femoral vein; h . v. hepatic vein ; i. c. internal 
carotid artery: i. it. internal iliac artery and vein; 1. m. internal mammary artery and vein; 
in', a, innominate artery; i. v. iliac vein; ju, jugular vein; ju'. anastomosis of jugular veins; 
/. 0W. left auricle; l.p. 0. left pulmonary artery; l pr, c, left pre-caval vein; /. vn. left ventricle; 
pc. left pectoral arteries and veins; pc. a. fight pectoral artery; pc. v. right pectoral vein; 
p. m. 0. posterior mesenteric artery ; pt. c. post-caval vein; rfl. 1 , ra.\ ra.», renal arteries; r. au. right 
auricle ; #v*. renal portal vein, cm the left side of the figure, supposed to be dissected so as to show 
its passage through the right kidney; r. p. a. right pulmonary artery; r. pr. c. right pre-caval vein ; 
r. Vi renal vein; r. vn. right ventricle; sc. a. sciatic artenr; sc. v. sciatic vein; scl a. subclavian 
artery; vr, vertebral artery and vein. (From Parker's Zootomy,) 
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, absent in the adult , and it is the right alone which is continued into the dorsal 
aorta. The result of this is that the systemic arteries receive tmrfi arterial 
bl ood from the left si de of the heart, and the only mingling of aerated and 
non- aerated blood is in the capillaries. This is perhaps the most important 
* physiological advance made by Birds over Reptiles. 

The aortic arch curves over the right bronchus to reach the dorsal body-wall, 
and then passes directly backwards as the dorsal aorta ( 4 . ao.). Owing to the 
immense size of-the pectoral muscles, the arteries supplying them are of corres¬ 
ponding dimensions, and the right and left innominate arteries [in. a.), from which 
the carotids [c. c.), subclavians [hr. a), and pectorals (jhc. a) arise, are actually 
larger than the aorta itself beyond their origin. In correspondence with the 
position of the legs, the femoral [f. a.) and sciatic [sc. a.) arteries arise very far 
forward: the caudal artery (c.) is naturally small. 

The most characteristic feature in the disposition of the circulatory organs 
is the almost complete disappearance of the renal portal system. There are two 
renal portal veins [r.p.) formed by the bifurcation of the caudal; but each, in¬ 
stead of breaking up into capillaries in the kidney, sends off only a few small 
branches [a. r. v.) which apparently cany blood to that organ, the main vein 
passing forwards, through the substance of the kidney, and joining the femora 
vein [f. v.) from the leg to form the iliac vein (*. v.), which, uniting with its 
fellow of the opposite side, forms the post-caval [pt. c .). Thus the main part, at 
any rate, of the blood from the caudal and pelvic regioas is taken directly to the 
heart, and not through the renal capillaries as in most Fishes and all Amphibians 
and Reptiles. 

At the point of bifurcation of the caudal veins a large coccygeo-mesenteric 
vein [c. m. v.) comes off, and, running parallel With the rectum, from which it 
receives tributaries, joins the portal vein. The abdominal vein of Amphibians 
and Reptiles appears to be represented, in ]>art at least, by the epigastric vein 
[epg), which returns the blood, not from the ventral body-wall, but from the 
great omentum, a fold of peritoneum, loaded with fat, lying ventral to the intes¬ 
tine and gizzard: the epigastric discharges into the hepatic vein. 

The red blood-corpuscles are oval and nucleated. The temperature of the 
blood is unusually high—over 38° C. (ioo° F.), 

Nervous System.—The brain (Fig. 413) completely Ms the cranial cavity, 
and is remarkable for its short, broad, rounded form. The medulla oblongata 
(*». 0.) has a well-marked ventral flexure, as in the Lizard. The cerebellum [cb.) 
is of great size, and has a large median portion and two small lateral lobes or 
fiocculi (f .); the surface of the middle lobe is marked by grooves passing in¬ 
wards in a radiating manner and carrying with them the grey matter, the extent 
of which is thus greatly increased. The metacceh (Fig. 414, «*.) is completely 
hidden by the cerebellum, and the latter is solid, having no epkcele. The 
hemispheres [c. h.) extend backwards to meet the cerebellum, and the optic 
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lobes (o. 1 .) are thereby pressed outwards so as to take up a lateral instead of 
the usual dorsal position: these are of rounded form, and each contains an 
optocalc (Fig. 414, 0. v.) opening from a narrow passage, the iter, which 
represents the original cavity of the mid-brain. A further result of the exten¬ 
sion of the hemispheres and cerebellum respectively backwards and forwards is 
that no part of the dienccphalon (the.) appears externally except on the ventral 
surface: elsewhere it is seen only when the hemispheres are pressed aside. It 



Pig 413 — CoiGmlN, 1 Mb, The brain. A, from above U t from below, C, from the left 
side cb cerebellum, t h. teiebraJ hemispheres, / Hint ulus, itif infundibulum, m o medulla 
oblongata, o l optK lobes, olf olfactory bulbs, o / optn tracts, pn pineal body, II — XII, 
t ercbral nerves f \p /, lust spuial none, (Prom Varl-i i s Pootowv ) 

contains a narrow vertical cavity, the duicule (v 3 .), bounded laterally by the 
optic thalami, and communicating 011 each side by the foramina of Monro (/. m.) 
with the paraavle * or cavities of the hemispheres. The torfiora striata ( c. s .) are 
of immense size, and form the great mass of the hemispheres ■ the dorsal portions 
of the latter, forming the roofs of the paracceles, are very thin. Hippocampi 
arc absent. The anterior commissure is, as in lower Vertebrates, the chief 
commissure of the fore-brain. The olfactory bulbs (olf) are extremely small, 
in correspondence with the poorly developed olfactory organ: on the other 
hand the optic nerves and tracts are of unusual size. 

The spinal cord (Fig. 408, sp. cd.) presents large brachial and lumbar 
VOL. 11. a G 
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enlargements from which the nerves of the fore* and hind-limbs respectively 
are given off. In the lumbar enlargement there is a divergence of the dorsal 
columns of the cord converting the central canal into a wide, diamond-shaped 
cavity, the sinus thomboidalis (s. rhb), bounded above only by the membranes 
of the cord. 


Sensory Organs.—-The olfactory organs are paired chambers in the base of the 





afk V* mf or 


beak, separated from one another 
by the mesethmoid and bounded 
externally by the ecto-ethmoid. 
The latter is produced inwards 
into three scroll-like processes, 
the turbinals, which greatly in 
crease the surface of mucous 
membrane. The anterior portion 
of the cavity, including the 
anterior turbinal, is covered by 
laminated epithelium and serves 
,is a vestibule; its posterior 
portion, including the middle and 
posterior turbinals, is invested by 
the one-layered epithelium ot the 
Schneiderian membrane to which 
the fibres of the olfactory nerve 
are distributed. 

I he eye (Fig 415) is not even 
approximately globular, but has 
the form of a biconvex lens. 


Fic» 414- Cahunba liviu. iht brain J uith 
the cavities opened from abo\e, IS in sagittal 
section a c antenor commissure, cb cerebellum 
c h cerebral hemispheres r corpus striatum 
/ m foramen of Monro, i uj infundibulum m u 
medulla oblongata o o optic commissure, n th 
optic chidbma o l optn lobes; olf. olfat tor> bulb*> 
0. v. optoccrle p peduncles ot ccichellum, p < 
posterior lomimisuie pn pineal body , the dicn 
cephalon, t s dcuadc, v* r mctuuiik (brain 
Parkei's Zootom ) 


Sclerotic bony plates ( 71 , set pi) 
are present, and there is a large 
pecien {pci ) in the form of a 
plaited and strongly pigmented 
membrane projecting into the 
cavity of the eye from the 
entrance of the optic nerve. The 
]>ecten is stated to be of nervous 
character, and is in all probability a sensory organ having some function 


connected with the process of accommodation. 

The auditory organ (Fig, 416) is chiefly distinguished from that ot Reptiles 
by the great development of the cochlea {lag.). The anterior canal {SB) is of 
great size, and the whole membranous labyrinth is closely invested by a layer 
of dense ivory-like bone, which can be isolated by cutting away the surrounding 


spongy bone, and is then seen to form a sort of model of the contained oigan, to 
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1 >K> 415- -Oolnmba Itvfau Ihf (K 1 , in sagittal section, B, the entire organ, external 
■■pact tn cornea, ck choroid, cl pr ciliAry piocessfi, « ins l lens opt nv optic nerve; 
pet pectcn, rt retina; stl srlerotic tel pi stlerolicplates (\fter Vogt mdYuiiff) 


which the name bony labyrinth is apphed 1 he tympanic cavity and columella 


have the same arrangement as in the Lizard; the 
narrow Eustachian tubes open by a common apeiture 
(Fig 408, ein ap ) in the roof of the pharynx 

Urlnogenital Organs.— 1 he kidneys (Figs 408, kd , 
Figs 417 and 416, A) have a very characteiistu foim 
Each is a flattened organ divided into three main lobes 
and fitted closely into the hollows of the pelvis It is 
formed from the metanephros, the laige mesonephros 
or Wolffian body, which forms the emhryonu kidney, 
undergoing atrophy The meters (m ) aic narrow tubes 
passing directly backwards to open into the uiodaemn 
or middle compartment of the cloaca 

The testes (Figs, 408 and 417, ts ) are ovoid bodies, 
varying greatly in size according to the season, attached 
by peritoneum to the ventral surfaces of the anterior 
ends of the kidneys From the inner bordei of each goes 
off a convoluted vas deferens [vd.), which passes back¬ 
wards, parallel with the ureter, to open into the urodscum 
on the extremity of a small papilla. The posterior 
end of the spemnduct is slightly enlarged to form a 
vestcula semnahs (v a). There is no copulatoiy 
organ. 



Fig 416— Cdnaifca 
lift*. lhe right mem 
branous labyrinth, outer 
aspect 1 4 , ampulla of 
pcfttenoi canal, FB 
posterioi canal, IJ 4 
ampulla of horizontal 
canal, HB t horizontal 
ianal lag cochlea or 
lagena, tnr membrane 
of Itussner ph, basilar 
pat! of cochlea, *S, sac 
< ulus S 4 , ampulla ot 
anterior t anal, SB an 
teiiox canal (hrom Wie- 
dersheiin after Hasse ) 


Tlie female organs (Fig. 418) arc tcmaikable lor the more or less complete 


atrophy of the right ovary and oviduct The left ovary (ov.) is a large organ in 
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the adult bird, its surface studded with follicles or ovisacs, varying in size from 
about 15 mm. in diameter downwards, and each containing a single ovum. 
Th * left oviduct (/. od) is long and convoluted; its anterior end is enlarged to form 
a wide membranous coelomic funnel (/. od*') into which the ripe ova pass on 
their liberation from the ovisacs, the rest of the tube has thick muscular walls, 
lined with glandular epithelium, and opens into the urodttum. A fair-sized 
vestige of the right oviduct (f. od) is found in connection with the right side of 





Bio 417 — Cdnmbe km. Mair 
urmogemtal organs adr adrenal, 
cP, orodaeum, cP. proctodeum, 
k kidney f ts testis that of the nght 
aide displaced itr ureter ur 
aperture of urcti r v vd vas deferens 
1 d' its cloacalaperture, 1 s ve&icula, 
semuialis (£rom Parker’s 7ootom\ ] 



hiG 418 —Columl 1ms. 1 emale 
unnogemtal organa in breeding season 
iP uiudaum, cP proctodrum k kul 
ney / od left oviduct I od its cloacal 
aperture l od' its uelomic funnel 
/ od*" its tcnlomic aperture, *v ovary 
1 od nght oviduct, r od' its cloacal 
aperture tn ureter, ur*. its cloacal 
aperture (hrom Parker's Zootom \ 


the cloaca, and a more or less extensive vestige of the right ovary is frequently 
present. 

Internal impregnation takes place. As the ova or “ yolks " pass down the 
oviduct they arc invested with the secretions of its various glands; first with 
layers of albumen or “ white," next with a parchment-like double shell membrane, 
and lastly with a white calcareous shell. They are laid, two at a time, in a rough 
nest, and are incubated or sat upon by the parents for fourteen days, the tem¬ 
perature being in this way kept at about 38° to 40° C (ioo° to 103° F.). At the 
end of incubation the young bird is sufficiently developed to break the shell and 
begin free life It is at first covered with fine down, and is fed by the parents 
with a secretion from the crop, the so-called " Pigeon's milk.” 
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Distinctive Cuakacj l,ks and Classification. 

Aves are Craniuta in which the epidermal exoskeleton takes the form of 
feathers over the greater part of the body, of a rhdtnphoihtca or homy sheath to 
the beak, and of daws on the digits of the foot and sometimes of the hand. 
In the standing position the body is entirely supported on the hind-limbs, the 
articulations of which are thrown forward. The fore-limbs are modified to 
form wings, usually provided with large feathers for the support of the body 
during flight. The cervical and free thoracic vertebra are usually heterocoe- 
lous, but may be precocious or amphicoelous. The sacral vertebra are fused 
with the lumbar and with more or fewer of the posterior thoracic and anterior 
caudal to form a syn-sacrum for the support of the ilia. The posterior caudal 
vertebra are usually fused to form a pygostyle around which the tail-quills are 
arranged in a semidrcle. The bones of the skull undergo early ankylosis. 
There is a single, rounded, occipital condyle; the united premaxillse form nearly 
the whole of the upper jaw; and the lower jaw is composed originally of five 
or six bones in each ramus, and is supported by a freely articulated quadrate. 
The vertebral ribs are double-headed, provided with bony undnates, and 
articulate with the bony sternal ribs by synovial joints. The sternum is broad, 
and is typically produced into a longitudinal ventral keel, having a separate 
centre of ossification. The coracoid is usually more or less pillar-like, the 
scapula Ls sabre-shaped, and the clavicles and intcrclavide unite to form a 
furcula. Except in one extinct species the distal earpals and the metacarpals 
are united to form a carpo-metacarpus. There are usually only three digits 
in the wing, which probably represent the first, second, and third of the typical 
hand. The ilium is of great size, having large pre- and post-acetabular portions. 
The acetabulum is perforated in the dry bone. The pubis and ischium are 
directed backwards and, except in one case of each, there is neither pubic nor 
ischiatic symphysis. The head of the femur is at right angles to the shaft. 
The proximal tarsals are fused with the tibia to form a tibio-tarsus; the fibula 
is much reduced. The distal tarsals are fused with the second, third and fourth 
metatarsals to form a tarso-metatarsus; the first metatarsal is free. The fifth 
digit of the typical foot is absent. 

In all tertiary and recent Birds teeth are absent. The gullet is frequently 
dilated into a crop and the stomach is usually divided into proventriculus and 
gizzard. The junction between the large and small intestines is marked by a 
pair of caeca. The lungs are spongy and non-distensible. The bronchi give off 
branches which open on the surface of the lung into thin-walled air-sacs, and 
these in their turn usually communicate with pneumatic cavities in more or 
fewer of the bones. The voice is produced in a syrinx situated at or near the 
junction of the trachea with the bronchi. The heart is four-chambered, the 
right auriculo-ventricular valve is muscular, and the right aortic arch alone is 
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present in the adult. The renal portal system is vestigial. The red blood- 
corpuscles are oval and nucleated. The temperature of the blood is high 
(about 38° C.). The optic lobes are displaced laterally owing to the meeting 
of the large cerebral hemispheres and cerebellum. The lumbar region of the 
spinal cord has a sinus rhomboidalis. The olfactory organ is usually poorly 
developed. The eye is usually large, and has sclerotic plates and a pecten. 
The auditory organ has a large curved cochlea. The kidney is three-lobed, and 
is developed from the metanephros, the mesonephros undergoing atrophy. 
There is no urinary bladder. The ovary and oviduct ol the right side are more 
or less completely atrophied. 

Birds are all oviparous, and the large ovum, containing much food-yolk, 
becomes invested with albumen, a double shell-membrane, and a calcareous 
shell, in its passage down the oviduct. The embryo has an amnion, an allantois, 
and a large yolk-sac. The newly-hatched young may be either well covered 
with down and able to run or swim and to obtain their own food, in which case 
they are said to be precocious ; or may be more or less naked and dependent for 
a time upon the parents for their food supply, when they are non-precocious. 

There is no general agreement with regard to the classification of Birds. 
Owing to the singular uniformity of the class in essential matters of structure, 
the vast and bewildering diversity in detail, and the puzzling cross-relationships 
between group and group, the splitting up ol the class into orders is a mattei 
of great difficulty and one upon which hardly two ornithologists aie agreed. 
The following scheme will probably answer the present purpose sufficiently 
well.* 

Sub-Class I.— Archseornithes. 

Ordir.—Arch.i.oitkry&iformi.s. 

Mesozoic Birds: have no ploughshare bone (pygostyle), but a long tail of 
many vertebrae, having the rectrices arranged in two rows, one on earh side ol 
it. The carpals and metacarpals are probably free, and the hand has tiner 
clawed digits. Teeth are present in both jaws. 

Including only two genera each with a single species, Anfueopteryx Ufho- 
graphica (Figs. 426,427) and Archaoims siemondsi (Fig. 425), known only from 
two specimens found in the Jurassic rocks of Bavaria. 

Sub-Class II.—Neornithes. 

All other Birds in which the greatly shortened tail usually ends in a pygo¬ 
style, around which the lectrices, when present, are arranged in a semicircle. 
Except in a few extinct forms there are no teeth The metacarpals are fused 
with the distal carpals to form a rarpo-metacarpus. Except in one instance, 
not more than two digits of the hand bear claws, and in nearly all cases claws 
are absent in the manus. 

* This classification is bated on that of Lowe, Wetmorr, and otlun. 
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SUPER-ORDER.—ODONTOGNATH® 

Order i.—Hesperornithiformes. 

Including Hesperornis (Fig. 419) a large diving and swimming Bird from 
the Cretaceous of North America. The jaws carry sharply pointed teeth. 



Fu». 4 to, — Hftiporoniif regllii The restored skeleton. The postuie if too erect 

(\fter Mmsh) 

The body was elongated and the sternum lacked a keel. The shoulder-girdle 
was much reduced, and the Bird was unable to fly. Bapiomis from the same 
aged deposits was a smaller but apparently similar form. Ettahortiis from the 
Cambridge Greensand was an allied form. 
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Order 2.—Ichthyornithiformks. 

This order contains several species found in the Cretaceous of Kansas in 
North America—e.g., Ichihyomis (Fig. 420) and Ajuttomis. Small pointed 
teeth were present, recurved and set in sockets. The neck vertebra show an 



,Fig 420 - IobUuomia victor. I he restored skeleton 1 here is borne doubt a*. to the t orrect- 
m s* of this restoration and the jaws may not lirlong to tlu> skrleton. (Viter Marsh) 

unusual feature for Birds in being biconcave. '1 lie si ernuin has a well developed 
keel and the Birds were strong flyers of tern-hke habit. 

SUPER-ORDER - PALASOGNA1 HAS. 

Flightless Neornithes, usually of large size, having no hooked barbules to 
the feathers, so that the barbs are free. Apteria are usually absent in the 
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’ adult. The rectricesare absent or irregularly arranged, 1 and the. pygostyle is 
small or nncfeyeloped. The sternal keel is vestigial or absent. The coracdC 
. and scapula are comparatively small and completely ankylosed; the acro- 
coracoid process is vestigial* and the coraco-scapular angle approaches two right 
' singles. The.wing is reduced in size and may be vestigial of absent. . There 
are large basi-pterygoid processes developed from the basi-sphenoid. The 
voratef is large and broad and separates the palatines. The quadrate articulates 



Fig. 421.—Apteryx autnlis, with egg. 

(From a specimen in the Royal College of Surgeons, London.) 


with theskull by a single or partially divided facet. The male lias a penis. 
The young are precocious. 

Order i.—Casuariiformes. 

Including the Emus (Dromccm) and Cassowaries (Casmrius). 


Order a,—A pterygiformes. 
Including only the Kiwis ( Apteryx, Figs. 421,422). 
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Order 3.- -Dinohnithiformes. 

Including the Moas (Dinornithida, Fig. 433). 

Order 4.- Rhei formes. 

Including the South American Ostriches [Rhea). 



I'M* 422 Apteryx aostnlis* Skeleton 
fl'rom .1 spetimen in the British Museum Natuial History ) 

Onm k ^ Siri imoNiFORMis. 

Including the true (Kturhes (, Strutkio ). 

OkDI R fa /KrYORNIlHIIORMFS. 

Including only the post-pliocenc Madagascan genera Mpyumis and 
Muller onm. 
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OkIHR 7 -'ImMIFQRMIS. 

Including a single lanuly, the Jumiiiou* of South Amerirn and South 
Mexico. 



}■ ig 42J * 'shell ton of Dinonui robUStllS, one nt the Mous xctual height 9 ft 6 in 
(from a specimen at the Royal t ollegc of burgeons London ‘ 
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SUPER-ORDER,- NEOGNATHAS 

Neornithes in which the sternum has a keel, the coracoid and scapula are 
not ankylosed, and usually the furcula and acrocoracoid are well developed 
and the coraco-scapular angle is less than a right angle. There is a pygostyle 
around which the rectrices or tail-feathers are arranged. The quadrate arti¬ 
culates with the skull by two facets. The vomer is smaller than in the 



Fig (44 — Eadyptea antipodnm. (Aftei Hullcr.J 

Palaeognatliae, and the palatines converge together behind it and are movably 
attached to it by a cup-and-ball joint. The barbs ol the feathers are provided 
with booklets. 

The classification of the Neornithes, which include the great majority 
of living Birds, is into twenty-three orders, as follows:— 

Sphenisciformes (Impcnnes). 

Including the Penguins (Aptenoiytes, Evdyptes) (Fig. 424, etc.). 
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Colymbiformes (Pygopodes). 

Including the Divers (Colymbus). 

Podiripifoimes. 

Including the Grebes (Podicipes). 

Procellariiformes (Turbinares). 

Including the Petrels (ProccUaria), Shearwaters (Puffinus), Fulmars 
(Fulmarus), Storm Petrels ( Oceanites), Albatross (Diomcdia), etc. 

Pelicaniformes (Steganopodes). 

Induding the Boatswain Bird (Phaithon), Gannets (Sula), Cormorants 
or Shags ( Phalacrocorax ), Frigate Bird (Fregata), and the Pelicans (PeU- 

, conus). 

Ciconiiformes (Herod ines). 

Induding the Herons ( Ardea ), Storks ( Liconta , etc.), Ibises (Ibis), 
Spoonbills (Platalea ), Whale-headed Stork ( Balaemceps), and Flamingoes 
(Pkonicopierus). 

Anseriformcs (Anseres). 

Induding the Ducks (Anas), Geese (Ansa), Swans (Cygnub), Mergansers 
(Mergus). 

Falcuni formes (Accipitres). 

Including the diumal Birds of Prey, such as the Eagles (Aquila), Falcons 
(Falco), Vultures (Vultur, etc.), Secretary Bird (Sagittarius ), and the 
American Vultures or Turkey-Buzzards (Cathartes). 

Galliformes (Gallinse). 

Including the Fowls (Gullus), Pheasants (Phasianus), Grouse (Telrao), 
and other Game Birds. Curassows (( rax), Mcgapodes (Megapodius), 
Peacock (Paw), Guinea-fowl (Numida), 'turkeys ( Meleagris ), Hoatzin 
(Opislhocomus*), etc. 

Diatrymiformes. 

An extinct oidei containing several spedes from the Eocene of North 
America. DiaUyma steini was a gigantic Bird standing seven feet high, 
with reduced wings and incapable of flight. 

Ralliformes. 

Induding the Kails ( Rallidd ), the flightless Giant Rail (Apiomis), the 
Finfoots (Heliormthidcc). 

Telmatomorphormes. 

Including the Sub-order Gruac, ’the Screamers (Carimida), Cranes 
(Gruida), Kagu (Rhinochctidce), Sunbittems ( Ettrypygtda ), Bustards 
(Otida), Lily Trotters (Jacanidaf), etc. The Sub-order Limicolse with 
the Painted Snipe (Rostratulida), Waders (Charadriida), and Snipe 
(Scolopacida), and the Sub-order Laro-Limicoke with Seedsnipe (Thino- 
cory thi da), Chionis (Chionida), Gulls and Terns (Larida), Auks (Aleidtr). 

* The position of this bird is doubtful. It may be a primitive game bird. 
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Columbiformes (Columbae). 

Including the Pigeons and Doves (Columba, Turtur, etc.), Crowned 
Pigeons (Goura), Sand Grouse (Pteroclida), the extinct Dodo and Solitaire 
(Raphus and Pezophaps), Hernipodes (Tumicida), etc. 

Cuculiformes. 

An order of Birds including the Cuckoos (Cuculida), and ? Plantain Eaters 
(MttSophagidee). 

Psattidformes (Psittaci). 

Including the Parrots ( Psittacus ), Parrakeets (Platycercus), Cockatoos 
(Cacatua), Lories (Lorius), and Macaws ( Ara ). 

Strigiformes (Striges). 

Including the Owls ( Strigida ). 

Caprimulgiformcs. 

Including the Night-jars ( Caprimulgi ). 

Coliiformes. 

Including the Colies [Colt id at), a small order found only in Africa. 

Trogoniformes. 

Including only the single family of Trngons ( J'rogonida ). 

foradi formes. 

Including the Kingfishers [Alcedinidat), Motmots [Momotida), Bee-eaters 
(Meropida), Hollers (Coraciidte), Hoopoes (f Jpupida), and PHombills 
(Bucerotida). 

Piciformes. 

Including the Woodpeckers (Picidt r) and Toucans ( Rhamphastida ), 
Barbets (Cepitonidce). 

Passeriformes. 

A very large order of birds including about half the known species— 
e.g., Swifts (Micropodida), Humming Birds (TrochiluLr), Broadbills 
( Eurylamida ?), Lyre birds (Metturida), SwsUlows (Hirudinida), Thrushes 
(Turdidee , etc.), Waiblers ( Sylviidtr ), Sparrows (Passer), Finches (Frin- 
gillida), etc., etc. 


Systematic Position of the Example. 

The numerous species of Columba belongs to the family ( olumbida, of the 
order Columbiformes. 

The following are the chief characters of the Columbae: there are eleven 
primary remiges, the first very small; the skull is scliizognathous (see p. 472); 
the oil-gland has no tuft of feathers; the vomer is vestigial; there is a large 
crop; the caeca are vestigial; and the young are non-precodous. 

Of the two families of Columbae the Columbidte, or Doves and Pigeons, are 
distinguished from the Raphidce, including the Dodo and Solitaire, by the power 
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of flight and the accompanying typical carinate characters of the sternum and 
shoulder-girdle. 

In Colomba there are twelve retrices; the second primary remex is longer 
than the sixth, and the proximal portion of the tarso-metatarsus is feathered. 

General Organisation 

In inspect of range of structural variations, the entire class at Birds is 
hardly the equivalent of a single order ol Reptiles. Among existing Birds, the 
Emu and the Raven, which may be said to stand at opposite ends of the scries, 
present nothing like the anatomical differences to be found between a common 
Lizard and a Chamxleon, or between a Turtle and a Tortoise. Hence in dividing 
the class into orders we find none of those striking distinctive characters which 
separate the orders of Fishes, Amphibia, and Reptiles, but have to be content 
with characters which in other groups would be considered insignificant, such as 
details in the structure of the skull and sternum, in the arrangement of the 
muscles of the wing and leg, in the form of the foot, and in the peculiarities of 
the newly-hatched young. It is for this reason that in the preceding classifica¬ 
tion no diagnoses of the orders arc given: to define them adequately would 
involve a degree of anatomical detail quite beyond the scope of the present work. 

The differences between the two avian sub-classes, the Archseomithe? and 
the Neomithcs, are, however, of a far more fundamental nature; and as 
Archaeopteryx and Aichscorms, sole representatives ol the first of these groups, 
and perhaps the best examples of an undoubted hnk between two classes— 
Reptiles and Birds—it will be convenient to deal with them separately. 

Sub-Class I.- Archsornithes. 

Only two .specimens of this sub-class which aie pi iced in two genera, i.e, 
Archaopteryx Itthographica (in the British Museum) and Archaornis siemensi 
(in the Berlin Museum), have hitherto been found, both in the finely-grained 
lithographic limestone of Solcnhofen, Havana, belonging to the Jurassic penod. 
The Birds (Fig. 425) were about the sue of a Crow, and in the fossils not only 
arc the bones preserved, but also many of the leathers. 

The most striking feature in the organisation of this Biid is the fact that the 
tail is composed of about 18-20 free caudal veitebra gradually tapering to the 
distal end as in a Lizard. The vectrices are arranged in two rows, one on each 
side of the caudal vertebra, forming a long tail quite unlike that of any existing 
Bird. The centra probably had biconcave faces. In addition to cervical and 
thoracic ribs (which were apparently devoid of uncinates) there were abdominal 
ribs, like those of Sphenodon and Crocodiles. 

The skull (Fig. 426) is proportionately laige, with rounded brain-case and 
strong jaws, in each of wliich is a series of conical teeth lodged in sockets. There 
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is no trace of sternum in either specimen, and the coracoids (co.) are only 
partially visible: the scapulae («■.) are slender, curved bribes, and therb is a 
U-shaped furcula (cl.). 

The bones bf the tipper and forc-arm are of the normal avian character: 



Tic 425 Arehaormi I mm the 

lierlin ^petimcn 0 carpal, d fuiiula, eo 
coracoid, h humerus, r. radius, sc scapula, 
n. ulna, I IV digits. 


only one carpal is certainly known 
(Fig. 427, c.): it apparently 
belongs to the distal row, and is 
closely applied to the first and 
second metacarpals. Three digits 
(d. 1, 3^3) are dearly visible in 
one of the specimens—that in the 
Berlin Museum—the rqetacarpals 
are usually stated to be all 
free, in which case there is no 
carpo-metacarpus as in other 
Birds, and the hand approaches 
the normal reptilian type. The 
number of phalanges follows the 
usual reptilian rule, two in the 
first digit, three in the second, 
and four in the thiul, and the 
ungual phalanx of all three digits 
is claw-shaped and doubtless 
supported a homy claw. 

The remiges, like the rectrices, 
are in a wonderful state of preser¬ 
vation (Fig. 425), and are divisible, 
as usual, into primaries or mela- 
carpo-digitals, and secondaries or 
cubirals The primaries were prob¬ 
ably attached to the second or 
to the second and third of the 
digits just described. 

The pclm and the hind-litub 
have the usual avian character. 
The tibia and fibula are separate 
The foot consists of a slender 


larso-metatarsus and four digits, the hallux being small and directed 


backwards. 


In addition to the wing and tail-quills already referred to, there are remains of 
contour feathers at the base of the neck and of wing-coverts. Moreover the 


rectrices are continued forwards by a series of large feathers which extend for 
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some distance along the sides oi the body, and a row ol similar but smaller 
feathers is attached along both anterior and posterior faces of the tibio-tarsus. 

Sub-Class II.—Neomithes. 

External Characters. —In the general build of the body the Neomithes differ 
from Archaeopteryx chiefly in the shorter and stouter trunk, and in the point of 



Krc. 42ft Archaoptoryx lithographica. J lie skull showing tooth a.nd silcrntic pUtes. 

(hrom Headlt \ iftor ] James ) 

.irticulation of the liind-limbs being thiown iorward, so as to be ahnost directly 
below the centre of gravity of the body : the animal is thus enabled without 
effort to support itself on the legs alone. In a word Birds are essentially 
bipedal, the only exception being the young ot the Hoatzin [Opisihocomus), 
which uses its wings in climbing 



hie 4J7 Arohaopteryxlithographic*. Ihclcftniumis 1 uujmI di hist digit; j, second 
digit, 7, third digit m, w metaiarpals, 1 latlms, it ulna (110m Headley aftei Dames) 

The neck is always well developed, and is often, as in the Swan and 
Flamingo, of immense proportional length. The cranial poilion of the head 
is usually nut large, but the beak may attain extraordinary dimensions, and 
exhibits a wide range of form. It may be extremely short and wide for catch¬ 
ing Moths and other flying Insects, as in Swifts and Nightjars; short and 
rmiiral for eating seed, as in Finches; strongly hooked for tearing the bodies 
of animals, as in Birds of Prey, or for rending fruits of various kinds, as in 
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Parrots; long, conical, and of great strength, as in Storks; slender and elon¬ 
gated, as in Ibises and Curlews; broad and flattened for feeding in mud, 
as in Ducks and Geese; expanded at the end, as in Spoonbills; immensely 
enlarged, as m Hombills and Toucans, It is most commonly bent downwards 
at the tip, but may be straight or curved upwards, as in the Avocet, or bent to 
one side, as in the New Zealand Wry-bUled Plover. It is sometimes, as in the 
Toucans, brilliantly coloured, and there may also be bright coloration of the 
cere as in the Macaws, and of naked spaces on the head, as in the Cassowaries. 
In the latter the head is produced into a great homy prominence or " casque,” 
supported by an elevation of the roof of the skull. The cere is frequently 
absent. The nostrils are placed at the base of the beak, except in Apteryx, 
in which they are at the tip. 



Fig 42S 1, Wing of nestling of Oputhocomna. H, Winj, of adult Apteryx ■ both lioni 

the inner (ventral) aspect cb 1 hrsl tubit il leim v df, J eft - dg y digits /» ptgm pre 
pdtngium, pt ptgm. post pdtdgium (A iftu J’ycraft L dftci I J Parker) 

The essential structure of the wing apart fiom its feathers—is very uni¬ 
form As a rule all three digits are devoid of claws, as in the Pigeon, but the 
Ostrich lias daws on all three digits, Rhea oil the first and sometimes on the 
second and third, the t assowary, Emu, and Kiwi (Fig. 428, D) on the second, 
the Crested Screamei {< fauna) and two other spedes, and, as a rare abnor¬ 
mality, the Common howl and Goose, on the first. With these exceptions the 
hand of the adult bird has lost all the chai actors of a fore-foot; but in the young 
of the Hoatzin (1 Opnthocomus ) claws are present on the first two digits (Fig. 
428, A), which are sufficiently mobile to be used in climbing. Besides the true 
daws homy spurs are sometimes present on the carpo-metacarpus. 

There is almost every gradation in the proportional length of the hind-limb, 
from Birds in which nothing but the foot projects beyond the contour feathers, 
and even the toes may be feathered, to the long-legged Storks and Cranes, in 
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which the diital part of the tibio-tarsus is covered with scales as well as the foot. 
In aquatic forms a fold of skin or web is stretched between the toes, sometimes 
including all four digits, as in the Cormorants; sometimes leaving the hallux 
free, sometimes forming a separate fringe to each digit, as in the Coots and Grebe. 
As to the toes themselves, the commonest arrangement is for the hallux to be 
directed backwards, and Nos. 2, 3, and 4 forwards, but in the Owls No. 4 is 
reversible, can be turned in either direction, and in ihe Parrots, Wood¬ 
pecker, etc., it, as well as the hallux, is permanently turned backwards. In the 



l<it. 42Q- I, lilcijlosis nlGjrpaettu (Ur.mild Vulture) 1 of Aides (Heion). of. pt. 
wing-tract; i pt. Lead-tract rd.pt taiid jl tract, cr pt. uut.il trwt; cv. apt. cervical space, 
Aw. pt. humeral tract. tat. apt. lateral spni e p d. p, p d p', powder-down patches; ip pt. 
spinal tract, ? apt. \ entral space; v pt \ antral tract 

Swifts, on the other hand, dll four toes turn foiwards The hallux is frequently 
vestigial or absent, and in the Ostrich No. 4 lus also atrophied, producing the 
characteristic two-toed foot of that bird. 

Pterylosis.—With the exception of the Penguins, most Carinate have the 
feathers arranged in distinct feather-tracts or pterylae, separated by apteria 
or f e ath er lessspaces. These aic commonly ninth more distinct than in the 
Pigeon, and their foim and n rrangMnftnf au> of ininortance ii i classification 
(Fig. 429). In the Ratitse apteria are usuallv found only in the young, the 
adult having a uniform covering of feathers. The Katitae, also, have nothing 
more the merest trace of hooklets on the barbules, so that the barbs do 
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not interlock and the vanes of the feathers are downy or hair-like. In the 


Penguins the wing-feathers are degenerate. 


X 



Many Birds are quite naked when hatched, but in 
most cases the body is more or less completely covered 
by a temporary crop of feathers, the nestUng-downs, of 
various forms, but always having a short axis, soft loose 
barbs, devoid of interlocking apparatus, and, except in 
the Emu, having no after-shaft (vide p. 428). They are 
succeeded, as already described, by the permanent feathers. 

Many Birds, such as the Swan, possess down-feathers or 
plumules throughout life, interspersed among and hidden 
by the contour feathers or pennee. In the Heron and 
some other Carinatae are found powder-down patches (Fig. 
429, B, p. d. p., p. d. p'.), areas of downs, the ends of 
which break off and make a fine dust. Semi-plumes are 
downs with a well-developed axis: filophttues, as we have 
seen (Fig. 305, B), have an elongated axis and vestigial 
vexillum. 

In many Birds there springs from the under side ol 
the quill, near the superior umbilicus, a second vane, the 
after-shaft (Fig. 430), usually smaller than the main shaft, 
but sometimes of equal size. Both among Carinatae and 
Ratita* we find genera with double-shafted feathers and 
allied forms in which the after-shaft is mdimenatry or 
absent. 

The feathers are always shed or " moulted ” at rcgulai 
intervals, as a rule annually. The old feathers drop out 
and new ones arc formed from the same pulps, 
t/ The colours of feathers present great variety. Black, 
biown, red, orange, and yellow colours are due to the 
presence of definite pigments, t.e., are absorption colours. 
White, and in some cases yellow, are produced by the 
total reflection of light from the spongy air-containing 
substance of the feather, there being, as in nearly all other 


tluT «f Camarina 
(('asxowanj, showing 
dfter&luft and dis- 
i onncctwl barbs. 
(From llcadlcj j 


natural objects, no such thing as a white pigment. Blue, 
violet, and in some cases green arc produced by the light 
from a brown pigment becoming broken up as it passes 
through the superficial layer of the feathers in its passage 


to the eye: no blue or violet pigments occur in feathers, and green pigments 
are very rare. The beautiful metallic tints of many birds are entirely the 
result of structure, owing their existence to a thin, transparent, superficial 


layer, which acts as a prism : in such feathers the colour changes according to 
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the relative position oi the bird and of the eyo ol the observer with regard 
to the source of light. 

There is also infinite variety in the general coloration of Birds. Tn many 
the colouring is distinctly concealing, harmonising with the environment, and 
even changing with the latter—as in the Ptarmigan, which is greyish-brown in 
summer, white in winter, the former hue helping to conceal the bird among 
herbage, the latter on snow. Frequently, as in Pheasants and Hirds of Para¬ 
dise, the female alone is protectively coloured, while the male presents the 
most varied and brilliant tints, enhanced by crests, plumes or tufts of 
feathers on the wings, elongated tail, lappets of skin, etc. These have been 
variously explained as " courtship colours " for attracting the female; as due 
simply to the exuberant vitality of the male bird; or as helping to keep the 
number of males within proper limits by rendering them conspicuous to their 
enemies. Such ornaments as the bars and spots on the wings and tail of many 
gregarious Birds, such as Plovers, fully exposed only during flight, and often 
widely different in closely allied species, have been explained as " recognition 
marks," serving to enable stragglers to distinguish between a flock of their own 
and of some other species. 

Skeleton.—'i he vast majority of birds have saddle-shaped or hetcrocoelous 
cervical and thoracic vertebra*, but the thoracic vertebra; are opistlioccelous in 
the Impennes (Penguins), the (Javisc (Gulls), and the Limicobc (Plovers, etc.), 
while in the Ichlhyomithes alone they are biconcave . The spaces between 
adjacent centra arc traversed by a meniscus with a suspensory ligament, as in 
the Pigeon (p. 432). The number ol vertebra: is very variable, especially in the 
cervical region, where it rises to twenty-five in the Swan and sinks to nine in 
some Song-birds. There is very commonly more or less fusion of the thoracic 
vertebra*, and the formation of a syn-sacTjm by the concrescence of the pos¬ 
terior thoracic, lumbar, sacral, and anterior caudal vertebrae is universal. The 
l»sterior cervical and anterior thoracic vertebra* commonly bear strong hypa- 
pophyses or inferior piocesses for the origin of the great flexor muscles of the 
neck. The number of true sacral vertebrae varies from one to five. A pygo- 
style, formed by the fusion of more or fewer of the caudal vertebrae, is of general 
occurrence, but is small and insignificant 01 absent in the Ratitae. 

The ribs are always double-headed, the sternal ribs are ossified, not merely 
calcified, and are united with the vertebral ribs by synovial joints. Ossified 
uncinates are nearly always present, and usually become ankylosed to the 
vertebral ribs. 

What may be considered as the normal type of sternum is a broad plate, 
concave dorsally from side to side, and produced ventrally into an antero¬ 
posterior keel which is ossified from a distinct centre (Fig. 431, A, os. 1). The 
nostericr edge of the bone is either entire (/)), or presents on ench side of the 
keel one or two more or less deep notches (.4, B) or foramina (f). In the 
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Ratitae (£) the keel is either absent or reduced to the merest vesting, and there 
is no trace of the carijial ossification in the young. External 1o the coracoid 
grooves the anterior edge of the sternum is produced into larger or smaller 
antero-lateral processes (ant. lat. pr .); in the Emu these ate of great size and 
are closely applied to the pericardium. 

It was upon the characters of the raft-like sternum that the group Ratits 
was founded, but the difference between them and the Carinate in this respect 



Fit- 431 —Sterna of various IJnds 1, Gipoi (common Fowl, voting), B, Turdiu (Thrush) ( 
(, Vultur (Vulture), J), Prooell&ria (Petrel), L t Carat run (Lassowaiy) ant lat. p anterior 
lateral pi oi ess, car. carma, cl <la\ulc, cot coraioid; fon fontanellc, fut. furcula; obl.lai pr 
oblique lateral process oa paired ossification of steinurn in 1 , or j, caiinal ossifuation m A , 
os 2, os j, lateial ossifications; post md pt pwsteuor median piocess, post lat pr posterior 
lateral process, pt cor pro coracoid sip scapula, sp spina stern 1 ( \ and C t after W K 

Parker, B ( and/) from BronnS 7 biateuh ) 

is not absolute, the rattle* condition having been acquired by many Carinate 
which have lost the power of flight. The keel is very small in Ocydrotnus, 
Notorms, and Aptomis, three flightless Rads -the last extinct—from New 
Zealand, and is practically absent in the Dodo (Raphus) and Solitaire ( Pezo - 
phaps), two gigantic extinct Pigeons from Mauritius and Rodriguez; in the 
Kakapo or Ground-parrot ( Strmgops) of New Zealand, in the extinct Giant- 
Goose (Cnemiomis) from the same country; and in Hesperomis. The absence 
of the carina may therefore be considered as an adaptive modification of no 
significance as indicating affinity. 
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The entire order of Penguin* (/ mpennes) and the extinct Great Auk (Pengwnm 
impennia) are also flightless, but their wings, instead of being functionless, are 
modified into powerful swimming paddles (Fig. 43a). There has therefore, 
in these cases, been no reduction either of the pectoral muscles or of the carina. 

The akull of Birds is generally remarkable for its huge orbits separated by a 
thin inter-orbital septum, and for the comparatively small size of the ethmoid 
bone and its turbinals. The most striking exception is afforded by the Kiwi 



Fa. 41 1 - Bndyptoa paohyrhynchtu (Penguin) Skeleton. 
(From d photograph by A. Hamilton ) 


{Apteryx), in which the orbits (Fig. 433) are small and indistinct, while the 
olfactory chambers (Ec Eth.) extend backwards between the eyes; the orbits 
being therefore separated from one another by the whole width of the organ of 
smell. The same thing occurs, to a less degree, in the Moas. 

In its essential features the skull is remarkably uniform throughout the 
class. The rounded form of the brain-case, mote or less concealed externally 
by ridges for the attachment of muscles; the upper beak, composed mainly 
of great tn-radiate pre-maxilhe; the single, small, rounded occipital condyle, 
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the slender maxillo-jugal arch; the large parasphenoidal rostrum; the freely 
articulated quadrate, with its otic, orbital, and articular processes; the absence 
of the reptilian post-frontals; and the early ankylosis of the bones—all these 
characters are universal among birds. There are, however, endless differences 
in detail, some of which, connected with the bones of the palate, are of 
importance in classification. 

In the Ratit* and the Tinamous (Crypiun) there are large basi-pterygoid 
processes (Fig. 454, B, pig. pr.) springing, as in Lizards, from the basi-sphenoid, 
and articulating with the pterygoids near their posterior ends. The vomer 
(Vo.) is large and broad, and is usually connected posteriorly with the palatines 
(Pal.), which do not articulate with the rostrum. The maxillo-palatine pro- 



I<u> -Apteryx msntelli. Skull of <1 >oung specimen, suit view Jhe lailikiginnus 

p«ut& are dotted Al Sph alisphenoid, Attg angular, ( n i tn i cond>le of iiiMilruu > oil 
dentarv, d pi d pi descending processes of msal and frontal, It l th ectorthmmd t\ tot 
fxtra-coJumcIJa, J\ (h excMcipital It fnmtal, Jtt piga!, Lat Uu>mal lac jor lunnial 
foramen A in nasal va ap nasal apertuu- \// If HI, TV «ptu ioidmen transmitting 
also the 3rd and ith nerves A t l ' foramen fur orbito nasal nci\c f A * * 11 # f,w 1 a 
parietal, ral palatine pa ot pt par-nu ipital pm ess P wt pie maxilla Ft of pm uric 
Qu Ju quadratojugal. Qu (oil) pr) orbital pint ess of quadrate S (hh I snpn oiwui 
foramen S</ squamosal (Vfter I [ Parker) 

cesses arc < ompaiativcly small, and do not unite with one another or with the 
vomer. This arrangement of the bones of the palate is called dionuiogtiathous. 

In many Carinatae, e g., the Pigeon and the Fowl, the lwsi-plerygoid pro¬ 
cesses are either absent or spring from the base of the rostrum. The vomer is 
small and pointed, or may be absent, and the palatines articulate posteriorly 
with the rostrum. 'I he niaxillo-palatines do not unite with one another. These 
peculiarities characterise the \chizognathous airangeinent. In the Passercs a 
similar arrangement obtains, but the vomer is broad and truncated instead of 
pointed in front. This gives the agithognathous arrangement. Lastly in the 
Storks, Birds of Prey, Ducks, and Geese, etc., the maxillo-palatines (Fig. 4 .i 5 > 
mx. p.) fuse with one another in the middle line, often giving rise to a flat, 
spongy palate and producing the destnognaihons arrangement. 

The most specialised form of skull is found in the Parrots (Fig. 4.j6). In 
many Birds the nasals and the ascending process of the prcmaxillae are veiy 
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Ik 431 Apteryx mantelli. skull of 
a nung s]>f (imf n from Ik loin J he i ir 
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tube l\ Col extn coluimlh J\ Ot 
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M\ inixilli \ III forumn foi 
find \i l\ \ fen gifts opliinng( tl 
and vagus \i ' II tor Mpoglos tl 
Ot tii orupitil cimil>1c Or Jot 
foramen magnum Pal palatine, fa tn 
pr puocripitil process P via pre 
maxillt Pig pti r\ gold Ou (otl ft ) 
orbital process of fjuadiitf Qh [ot pi ) 
oLu process host rostrum 5 Or 
supia occipital S Chb / supraorbital 
foiamcn squaiuosU 1 «> \cmui 

(\ftcrl 1 larker) 


1 ic 43 > Anu bosohai (Duck) 

\ c ntr il v lew nf Skull apt 
anti nor pilitino forinun l o 
hast uuipitd 1 pg b is i pterygoid 
rocess I s In si sphenoid t 
asi temp oi il t o ex occipital 
tit ipritun of Jnistdchiui tul»c 
/ w loramcii magnum i r internal 
carotid foiamcn ; jugal wa 
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c]uadiato)ugal r vomei IX \ 
foi mien ioi ninth ami tet th nerves 
\!t for twelfth mm (liom 
W jcdc isJicnu s I ribbraia) 


thin and elastic wlicic they join the skull, and there is an unossihed space in 
the mcsethmoid, so that the upper beak is capable of a considerable amount of 
movement in the vertical plane In Pairots there is a true joint between the 
upper beak and the skull, allowing of that movement of the former which is so 
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striking in the living Bird. When the mandible is depressed, the contraction 
of the digastric muscle causes a forward 1 movement of the lower end of the 
quadrate, which pushes forwards the maxillo-jugal bar and the palatines and 
pterygoids, the latter sliding upon the rostrum. Both the maxdlx and the 
palatines are articulated in front with the premaxilla, and together push it 
upwards; in this way depression of the lower produces an automatic raising of 
the upper jaw. The great .size and strength of both premaxilla and mandible 
are remarkable, as also is the fact that the orbit is completely surrounded by 
bone, a backward process of the lacrymal being joined beneath it by a forward' 
process of the frontal. 

The mandible contains in the young bird the six bones on each side charac- 
teristic of reptiles; the coronary is, however, often absent. As a rule the 
head of the quadrate articulates with the roof of the tympanic cavity by a single 

facet in Ratitae, by a double facet 
in Carinatae. The hyoid always 
agrees in essential respects with 
that of the Pigeon; in the Wood¬ 
pecker the posterior cornua arc 
curved round the head and 
attached to the skull in the 
neighbourhood of the right 
nostril, a very flexible and pro- 
trusiblc tongue being produced. 

The structure of the shoulder- 
girdle furnishes one of the most 



1 Hi 4-jo Skull til An iMdCdw) (Frnm .i 
photogiaph hv \ Ilanulton ) 


fundamental distinctive char¬ 
acters between Ratitae and Cari- 


natac, but, as with the sternum, 
the differences arc adaptive and not of phylogenetic significance. In most 
Carinatae both coracoid and scapula are large and united with one another by 
ligament; the coracoid has an acrocoracoid and the scapula an acromion 
process; the coraco-scapular angle is acute; and there is a furcula. In the 
Ratitac the coracoid (Fig. 4J7, cor.) and scapula (scp.) are much reduced in 
proportional size and are ankylosed with one another; the acrocoracoid (air. 
cor .) and acromion (tier.) processes are reduced or absent; the coraco-scapular 
angle approaches two right angles; and there is no furcula, although separate 
vestiges of clavicles are present in the Emu and Cassowary. In some of the 
Mnas (Pachyomis, etc) the shoulder-girdle is wholly absent. But, as in the 
case of the sternum, the distinction is not absolute. In HespeTomis, the Dodo, 
the Solitaire, AptornK Notomis, Ocydromus, and Cnemiomis the bones of the 
shoulder-girdle are proportionally small, the coraco-scapular angle exceeds 90° 
and in some cases, such as certain Parrakeets and Owls, the furcula is feeble, 
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or represented by paired vestiges, o| absent. n Curiously enougli, considering 
that increase in the coraco-scapular angle is usually correlated with diminished 
powers of flight, it also slightly exrcdcs 90 111 the Albatross and souk * of its 
allies. 

In most adult Birds the procoracoid is reduced to a process on the dorsal 
end of the coracoid, but in the Ostrich and in the embryo of Apteryx it is well 
developed and separated by a fenestra from the coracoid. A small bone, the 
accessory scapula, is sometimes found on the outer side of the shoukler-joint. 

The variations in the structure of the wing are mostly matters 0/ pioportion, 
but a remaikablc flattening of all the bones is veiy characteristic ot Penguins 
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(Fig. 432), which are further distinguished by the picsencc of a sesamoid bone, 
the patella ulnaris, taking the place of the olecranon process. In the Emu and 
Kiwi the lirst and third digits of the normal wing have atrophied during develop¬ 
ment, the middle one alone remaining. In the Moas (Fig. 423) no trace of a 
wing has been found, and in one species only is there even a trace of the glenoid 
cavity. In the embryos of several Birds an additional digit has been found on 
the ulnar or post-axial side (Fig. 438, dg. 4 ): this brings the total number of 
digits up to four, the fifth of the pcntadactyle hand alone being unrepresented. 

The simplest type of pelvic girdle is louiid in Apteryx (Fig. 439) and the 
Tinamous, in which both pubis and ischium are fiee along their whole length, 
as in Dinosaurs. In the Emu and Cassowary the pubis and ischium unite by 
cartilage or bone at their posterior end with the ilium, and in most Birds the 
union between the two last is extensive, the deep ischiatic notch being replaced 
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by a small foramen. In the embryonic condition (Fig. 440) the ilium has a 
very small pre-ace tabular portion, the pubis and ischium axe nearly vertical, 
and there is a distinct pectineal process {pp)- -retained in Apteryx (Fig. 439, 
P )—the whole pubis being singularly like that of a Dinosaur. In the Ostrich 
alone the pubes unite in the middle ventral line to form a symphysis; Rhea 
presents the unique peculiarity of a dorsal symphysis of the ischia, just below 
the vertebral column: in the Emu the posterior end of the pubis gives off a 
slender process, which extends forwards close to the ventral edge of that bone 
and probably represents the epi-pubis of reptiles. 

The bones of the hind-limb are very uniform throughout the class, but the 
form of the tarso-metatarsus of Penguins is worthy of notice. It is short and 



Fig. 4 \t) — Apteryx uutnlia. Left innominate a acetabulum. U. ilium, is. ischium , 
p. pectineal piuccss, p x pubis. (From \\ irderslieim, after Marsh) 

wide, its three constituent metatarsals, though fused, are clearly distinguishable 
tliroughout their whole length, and the resemblance to the homologous part in 
Iguanodop is very striking. In the embryo (Fig. 441) a vestige of the fifth 
digit {mi. tsl. 5) has been found in the foiin of a small rod of cartilage 011 the 
post-axial or fibular side. One or two free centralia may occur in the mesotarsal 
joint. 

The skeleton is always more or less pneumatic, but there is no definite 
relation between pncumaticity and power of flight. A very usual arrangement 
is for all the bones to contain air except those of the fore-arm and hand, shank 
and foot. But in Apteryx, Penguins, and some Song-birds the skull alone is 
pneumatic, while in the Hombill every bone in the body contains air. 

Myology. 1 -- As might be interred from a study of the skeleton, the muscles 
of flight undergo a great reduction, often amounting to complete atrophy, 
in the Ratitae; and to a less degree in the flightless Carinatse. The presence or 
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extend beneath the skin of the abdomen, or even into the keel of the sternum. 
The syrinx is either tracheo-bronchial, as in the Pigeon, i.e., formed by the 
distal end of the trachea and the proximal ends of the bronchi, or is exclusively 
tracheal or exclusively bronchial. In singing birds it is complex, and is 
provided with numerous muscles—five or seven pairs. 

The lungs are always firmly fixed to the dorsal body-wall by a pulmonary 
aponeurosis, and are but slightly distensible. The general arrangement of the 
air-sacs has been described in the Pigeon (p. 444): in Apteryx the abdominal 
air-sacs are small, and are completely enclosed by the oblique septum, so as not 
to extend into the abdominal cavity among the viscera. The bronchi send off 
branches at right angles. 

The CIreulatory Organs agree in all essential respects with those of the 
Pigeon: their most characteristic features are the large size of the heart, the 
muscular right auriculo-ventricular valve, the atrophy of the left aortic arch, 
and the vestigial character of the renal portal system. The red blood-corpuscles 
are always oval and nucleated. 

Nervous System and Sense Organs. —The brain is also very uniform in struc¬ 
ture, being characterised by its short, rounded hemispheres, large folded 
cerebellum produced forwards to meet the hemispheres, and laterally placed 
optic lobes. In the embryo the optic lobes have the normal dorsal position, 
and the whole brain resembles that of a Reptile. In Apteryx, in correlation 
with the reduction of the eyes, the optic lobes are very small, and arc situated 
on the under side of the brain. Above the anterior commissure is a small 
bundle of fibres which has been considered as the homologue of the hippocampal 
commissure of Mammals. 

Apteryx is also distinguished by the high development of the olfactory 
chamber, which extends from the tip of the beak to the level of the optic 
foramina: the turbinals are largo and complex, and there is a vestige of the 
cartilage of Jacobson’s organ. The small eye differs from that of all other 
hints in the absence of a pecten, although a vestige of that organ occurs in 
the embryo. The structure of the auditory organ is very uniform throughout 
the class. 

Urlnogenltal Organs.— In these, also, the general agreement with the 
Pigeon is very close, the most characteristic feature being the more or less 
complete atrophy of the right ovary and oviduct. The Megistanes, Rhea, 
Ansercs, and some other Birds have a penis in the form of a thickening of the 
ventral wall of the cloaca: it has a groove on the dorsal surface acting as a 
sperm-channel, and its distal end is invaginated, in the position of rest, by an 
elastic ligament. In the Ostrich there is a solid penis, like that of Chelonia and 
Crocodiles: it can be retracted into a pouch of the cloaca. 

development.—The process of development in Birds has been most 
thoroughly worked out in the Common Fowl, but enough is known of the 
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embryology of other Birds to show that the differences aie comparatively 
unimportant. 

The ovum is always large owing to the great quantity of lood-yolk; tire 
protoplasm forms a small germinal disc at the upper pole. Impregnation is 
internal, and as the oosperm passes down the oviduct it is coated by successive 
secretions from the oviducal glands. It first receives a coat of thick, viscid 
albumen (Fig. 442, alb.), which, as the egg rotates during its passage, becomes 
coiled at either end into a twisted cord, the chalaza (ch.). Next, more fluid 
albumen (alb\) is deposited layer by layer, then a tough, parchment-like shell- 
membrane (sA. m), and finally a calcareous shell (sh ). The shell-membrane is 
double, and, at the broad end of the egg, the two layers are separate and enclose 
an air-cavity (a.). The shell may be white or variously coloured by special 
pigments: it consists of three layers, and is traversed by vertical pore-canals, 
which arc unbranched in the Carinatse and in Apteryx, branched in the other 
RatitaE. 

The eggs may be laid on the bare ground or on the rocks by the sea-shore, 
as in Penguins and Auks, or on the ledges on inaccessible cliffs, as in the Sooty 
Albatross ( Dtomedea Juligtnosa) ; but as a rule a nest is constructed for their 
reception by the parent Birds. This may simply be a hole in the sand, as in the 
Ostrich; a mere clearing on the hill-side surrounded by a low wall of earth, as 
in the Wandering Albatross ( Dtomedea exula^s) ; 01 a cylinder with excavated 
top, built of grass, earth, and manure, as in the Mollymawks (Dtomedea mela- 
nophrys, etc.). It may take the form of a burrow, as in many Petrels, King¬ 
fishers, and Sand-martins, or it may be more or less elaboiately built or woven 
of sticks, mo&s, leaves, hair, or feathers, showing every stage of constructive 
skill, from the rude contrivance of sticks of the Pigeon and Eagle to the 
accurately constructed cap- or dome-shaped nests of many familiar Passercs 
In the Tailor-bird (Orthotomus) it is formed of leaves sewn together, the beak 
acting as needle: in a Malayan Swift (( olloralia) it is laigely built of the 
secretion of the Bird's buccal glands. 

The number of eggs laid varies from 15 -18 in the Partridge to a single one 
in many Sea-birds and in the Kiwi. As a rule the size of the eggs bears some 
proportion to that of the Bird, the smallest being those of Humming-birds, the 
largest those of the Moas and of ASpyornis: but in Apteryx the egg is of dis¬ 
proportionate size—as large as a Swan's or an Albatross’s, the Kiwi itself being 
no larger than a barndoor Fowl. 

Segmentation takes place during the passage oi the egg down the oviduct, 
and results, as in Reptiles, in the formation of a blastode/m (Fig. 442, W.) 
occupying a small area on the upper pole of the yolk. After the egg is laid, the 
process of development is arrested unless the temperature is kept up to about 
37° to 40” C.: this is usually done by the heal ot the body of the parent Birds, 
one or both of which sit upon, or incubate, the eggs until the young are hatched ; 
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In the newly-laid egg the blastoderm is divisible, as in Reptiles, into two 
parts, a central, dear area pelluctia (Fig 443, ar pi) and a peripheral area 
npaca (ar. op ), and is formed of a superficial ectoderm having below it a some¬ 
what irregular aggregation of cells not yet forming a definite layer. 
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On the surface of the area pellucida, as in the Reptiles, appears an embryonic 
thieid, the formation of which is due to the elongation of the ectoderm celb in a 
ventral dinectidn. A primitive knot (f>. 418) is absent as a distinct structure, 
and ttiere is' no invagination. In the posterior part of the area pellucida behind 
the embryonic shield appears a longitudinal opaque band, the primitive streak 
( pr . sf.), and along the middle of this is formed a groove, the pnmitive groove. 
The latter represents the blastopore of the reptiles, and there is no archenteric 
cavity. It is by active proliferation of cells along the course of the primitive 
streak, which represents the coatescent lips of the blastopore, leading to the 



Fig. 444.— QflDni btnkivft. Two stages in the development of the embryo, all. allantois ; 
am. cut edge of amnion; an . anus; au. ap. auditory aperture; au. s. auditory sac; /. hr. fore- 
brain; jf. 1. fore-limb; A. br. hind-brain; h. I hind-limb; hi. heart; Ay. hyoid arch; m. hr. 
mid-brain; mn. mandibular arch; no. nostril; t. tail. (After Duval.) 

formation of .masses of new cells that grow out laterally and forwards into the 
space between the ectoderm and yolk-endoderm, that the foundations of the 
mesoderm are formed. In the anterior primitive streak-region the primitive 
knot of the reptiles is represented by a close union, for a short space, of all three 
layers. In front the primitive streak becomes free from the ectoderm and unites 
below with the endoderm $iis anterior extremity of the primitive streak is 
known as the head-process. 

As there is no invagination in birds m general, there is no primitive endo- 
deim, and the definitive endoderm is formed solely from cells underlying the 
embryonic shield. The notochord is formed by an axial modification of the 
endodepn cells along the anterior primitive streak-region and the head-process. 
In the latter is formed the anterior of head-part of the notochord, and jipmit are 
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derived also the mesoderm of the head and the endoderinal lining of the head- 
part of the enteric canal. 

Immediately in front of the primitive streak the medullary groove (med. gr.) 
appears, and the medullary folds which bound it on the right and left diverge 
posteriorly, so as to embrace the anterior end of the primitive streak, in just the 
same way as they embrace the blastopore in Amphioxus. In some Birds there 
is an invagination at the anterior end of the primitive groove, resulting in the 
formation of a neurenteric canal. Both primitive streak and medullary groove 
He at right angles to the long axis of the egg, the broad end of the latter being 
to the embryo’s right. 

The blastoderm gradually extends peripherally so as to cover the yolk, and 
thereby becomes divisible into an ctnbryoutc portion, from which the embryo is 

formed, and an extra-embryonic 
portion, which invests the yolk- 
sac and takes no direct share in 
the formation of the embryo. 
The extension of the ectoderm 
and endoderm takes place regu¬ 
larly and symmetrically, but 
the extra-embryonic mesoderm, 
while extending equally in the 
lateral and posterior regions, 
grows forwards in the form of 
paired extensions, which after¬ 
wards unite, so that for a time 
there is an urea of the blastoderm 
in front of the head of the 
embryo, formed of ectoderm and endoderm only: this is called the pro- 
amnton (pr. am.). 

At an early period the vertebral plate or doi sal poition of mesoderm bounding 
the medullary groove becomes segmented into proto-vertebra (Fig. 443, B, 
pr. v.), and the lateral plate or ventral portion of the same layer splits into 
somatic and splanchnic layers with the coelome between (Fig. 446, B). 

Gradually the embryo becomes folded off from the yolk-sac, as in other 
large-yolked eggs; but, owing apparently to the confined space in which it is 
enclosed, it soon turns over so as to lie with its left side against the yolk and its 
right side facing the shell (Fig. 445). The body (Fig. 444, A) becomes 
strongly flexed so as to bring the head and tail almost into contact, and the 
head soon acquires a proportionally immense size, with very large projecting 
eyes. At first the head is quite like that of one of the lower vertebrate embryos, 
with protuberant brain-swellings [f. br., m. hr., h. br.), large square mouth, 
ventrally placed nostrils connected by grooves with the mouth, and three or 
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four pairs of gill-slits. As in Reptiles, there is never any trace of gills. In 
the Ostrich and Apteryx, as well as in some Carinate, an opercular fold grows 
backwards from the hyoid arch, and covers the second and third branchial 
clefts. Soon the margins of the mouth grow out into a beak (Fig. 444, B), 
the defts dose, with the exception of the first, which gives rise to the tympano- 
eustachian passage, and the head becomes characteristically avian. The 
limbs are at first alike in form and size (A,f. 1 ., h. 1 .), and the hands and feet have 
the character of paws, the former with three, the latter with four digits; but 
gradually the second digit of the hand outgrows the first and third, produdng 
the characteristic avian manus (B), while the metatarsal region elongates and 
gives rise to the equally characteristic foot. At the same time feather-papillse 
make their appearance, arranged in narrow and well-defined plerylae 

At an early period capillaries appear in the extra-embryonic blastoderm 
between the opaque and pelludd areas, and give rise to a well-defined area 
vasculosa (Fig. 445, ar. vase .): they are supplied by vitelline arteries from the 
dorsal aorta, and their blood is returned by vitelline veins which join the portal 
vein and take the blood, through the liver, to the heart. The vascular area 
gradually extends, until it covers the whole of the yolk-sac: its vessels take 
an important .share in the absorption of the yolk by the embryo. 

Before the embryo has begun to be folded off from the yolk the rudiment of 
one of the two characteristic embryonic mentbranes, the amnion, has appeared. 
A crescentic amniotic fold arises (Fig. 446 A, am.f.), in front of the head-end 
of the embryo, from the region of the pro-amnion : it consists at first of ecto¬ 
derm only, the mesoderm not having yet spread into the pro-amnion. The 
fold is soon continued backwards along the sides of the body (B) and round the 
tail (. 4 ), but in these regions (am.f'.) it consists from the first of ectoderm pins 
the somatic layer of mesoderm, i.e., it is a fold of what may be called the extra- 
embryonic body-wall. The cavity is a prolongation of the space between the 
somatic and splanchnic layers of mesoderm, 1 e., is an extension of the extra- 
embryonic coelome. 

The entire amniotic fold gradually closes in above (C), forming a double- 
layered dome over the embryo. Its inner layer, formed of ectoderm internally 
and mesoderm externally, is the amnion (am.), the cavity of which becomes filled 
with a watery amniotic fluid, serving as a protective water-cushion to the 
enclosed embryo. Its outer layer, formed of ectoderm externally and mesoderm 
internally, is the serous membrane (sr. m .): it comes to lie just beneath the 
vitelline membrane, with which it subsequently fuses. 

The second of the embryonic membranes, the allantois, is developed as an 
outpushing of the ventral wall of the mesenteron at its posterior end (C, all.), 
and consists, therefore, of a layer of splanchnic mesoderm lined by endoderra. 
It has at first the form of a small ovoid sac having the precise anatomical 
relations of the urinary bladder of Amphibia (Fig. 446, A , all.). It increases 
vol. 11. a i* 
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rapidly in size (Pig. 446, all.), and makes its way backwards and to the right, 
into the extra-embryonic coelome, between the amnion and the serous membrane 
(Fig, 446, C, D). Arteries pass to it from the dorsal aorta, and its veins, joining 
with those from the yolk-sac, take the blood through the liver to the heart. 
Next, the distal end of the sac spreads itself out and extends all round the 
embryo and yolk-sac (2), all'.), fusing, as it does so, with the serous and vitelline 
membranes, and so coming to lie immediately beneath the shell-membrane. It 
finally encloses the whole embryo and yolk-sac together with the remains of the 
albumen, which has by this time been largely absorbed. The allantois serves 
as the embryonic respiratory organ, gaseous exchange readily taking place 
through the porous shell; its cavity is an embryonic urinary bladder, excretory 
products being discharged into it from the kidneys. 

At the end of incubation the embryo breaks the shell, usually by means of a 
little homy elevation or caruncle at the end of the beak. By this time the 
remainder of the yolk-sac has been drawn into the coelome, and the ventral 
body-walls have closed round it. On the shell being broken respiratory 
movements begin, the aperture is enlarged, and the young bird is hatched 
and begins a free life. 

In the Ratitie, Anseres, Gallina?, and some other Birds the young when 
hatched are clothed with a complete covering of down or of feathers, and are 
able from the first to run about and feed themselves; such Birds are called 
Prcecoces or Nidifugee. In the higher types, such as the Rapacious Birds, 
Pigeons, and Passercs, the young are at first either quite naked, blind and 
helpless, or covered with mere patches of soft down, so that they require to 
be fed and kept warm by the parents; these forms are called Altrices or 
NidicoUt. In many Sea-birds, such as Petrels, Gulls, and Penguins, the young 
have «i complete covering of woolly down, but remain in the nest for a 
prolonged period, sometimes until the full size is attained. 

Distribution. —The Ratitse furnish an interesting case of discontinuous 
distribution. Struthio occurs in Africa and .South-western Asia, Rhea in 
South America, Dromseus in Austialia, Casuarius in Australia, New Guinea, 
and some of the other Austro-Malayan islands, and Apteryx in New Zealand. 
Thus, taking recent forms only, each of the great Southern land-masses 
contains one order of Ratita: not found elsewhere; the Struthiones are 
Ethiopian, but extend also into the adjacent part of the PaUearitic region, 
the Rhese Neotropical, and the Megistanes Australasian. M pyomis, the 
affinities of which appear to be with the Megistanes, occurs only in 
Madagascar, where it lias become extinct within—geologically speaking— 
comparatively recent times. When we take the scattered distribution of the 
above-mentioned Ratitse into consideration, one of the most remarkable facts 
in distribution is the occurrence, in the limited area of New Zealand, of no 
fewer than six genera and between twenty and thirty species of Uinomithhhe 
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or Moas, some of which became extinct so short a time ago that their skin, 
flesh, feathers, dong, and egg-shells are preserved. 

Among the Carinatie the Penguins are exclusively southern, occurring only 
in the South Temperate and Arctic Oceans. They may be said to be 
represented in the Northern Hemisphere by the Puffins and Auks, one of 
which, the Great Auk or Gate-fowl (Alca mpenm), was actually impennate, 
its wings being converted, as in the Penguins, into paddles. The Crypturi 
(Tinamous) are exclusively Neotropical, the Humming-birds American, the 
Birds of Paradise and Bower-birds Australian and Austro-Malayan. Amongst 
negative facts, the Psittaci or Parrots are characteristically absent in the 
. Pakearctic and most of the Nearctic region, the Finches in the Australasian 
region, as well as in New Zealand and Polynesia, and the Starlings in both 
regions of the New World. 

Birds are comparatively rare in the fossil state: their powers of flight 
render them less liable to be swept away and drowned by floods and so 
imbedded in deposits at the mouths of rivers or in lakes. Up to the Cretaceous 
period, Afclueopteryx and Ardueornis, from tlie Jurassic, are the only Birds 
known. In the Cretaceous of North America toothed Birds of the orders 
Odonlolcae and Ichthyomithcs make their appearance, while in the Eocene 
numerous interesting forms occur, including the Gastomithes and the 
Stereomithes. 

Ethology. —It is impossible here to do more than allude, in the briefest way, 
to the immense and fascinating group of facts relating to the instincts, habits, 
and adaptations found in the present class. Their social instincts, their song, 
their courtship-customs, the wonderful advance in the parental instinct, leading 
to diminished mortality in the young, are all subjects for which the reader 
must be referred to the works on general Natural History mentioned in the 
Appendix. 


CLASS V.—MAMMALIA. 

The class Mammalia, the highest of the Vertebrata, comprises, among living 
animals, the sub-classes Prototheria (Monotremata), Mctathcria (Marsupialia), 
and Eutheria (Placentalia). In addition to a number of extinct orders and 
families that can be placed in one or other of the above sub-classes, there are 
also several other sub-classes which arose and became entirely extinct at a 
much earlier period of time. These are loosely known as the " Mesozoic 
Mammals," and are divided into the groups Multdtuberculata, Triconodonta, 
Symmetrodonta, and Pantotheria. 

Although no definite " missing link ” has as yet been found, there is enough 
evidence from certain extinct forms, both Reptiles and Mammals, for the 
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universal acceptance of the view that the Mammals had a reptilian ancestry, 
and this view is further supported by certain anatomical features found in the 
still-living Monotremes. 

The Mammalia as a class have some diameters that can be termed diag¬ 
nostic, as long as it is remembered that at some time there must have been 
animals with a mixture of the ancestral reptilian and the beginnings of the 
modem mammalian diameters. Indeed, the Monotremata are still in some 
respects in this position. 

A typical modem Mammal, as compared with a modem Reptile, can be 
recognised by 

1. The possession of a covering of hair. This, as a secondary adapta¬ 
tion, may laigdy be but never is entirely, lost. The scales of the reptilian 
ancestry arc not fully dispensed with, but may remain on some parts ot 
the body, as, for instance, on the tail of a rat. 

2. The diaphragm, a partition of muscular fibres with a tendinous 
centre separating the lungs and pericardium from the other viscera, is a 
universal feature of Mammals, and occurs nowhere else. 

j There are always three auditory ossicles in the ear, which now con¬ 
sists of three parts: the outer, middle, and inner ear (see page 497). 

4 The bones of the lower jaw are now reduced to one, the dentary. 

5. The vertebrae are gastroccntrous (see page 337), and each vertebra 
consists of a centrum and neiir.il arch, and, in addition, thin, plate-hke 
discs of bone—the epiphyses —at each end which on the cessation of 
growth fuse with the body of the vertebra. 

b. The heart is completely four-chambcied, and the left aortic arch 
alone persists. 

7. The young are nourished for some time after birth on milk, the 
secretion ol the female mainmaTy glands, a production peculiar to 
Mammals 

Id addition to these seven diagnostic characters, there can be given a further 
list which can be divided into two categories—viz., those characters which are 
found in a primitive condition in the reptilian ancestors and which become 
increasingly perfected in Mammals from the earlier to the later types, as, for 
instance, the gradual growth of the brain leading up to the highly complex type 
with neopalhum and numerous convolutions, the gradual perfection of the 
larynx and epiglottis, which in the Amphibia and Reptilia are represented only 
by rudiments; the gradual acquisition of a hard palate and so on. In the other 
category are those reptilian characters that are disappearing, such, for instance, 
as the loss of several bones of the skull and lower jaws; the gradual reduction of 
the elements of the shoulder-girdle, accompanied by a greater mechanical 
perfection of the parts that remain; the loss of the polyphyodont sets of teeth 
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and their reduction to the milk and permanent sets only, together with the 
modification of the individual teeth into indsors, canines, premolars, and 
molars. 


Exam i»i e of ihe Class—Thu Rabbit (Lepus cuniculus). 

External Characters. —The Rabbit (Fig. 447) is a four-footed or quad¬ 
rupedal animal, having the whole surface of its body covered with soft fur. 
The head bears below its anterior extremity the mouth, in the form of a trans¬ 
verse slit bounded by soft lips. The upper lip is divided by a longitudinal 
deft, running backwards to the nostrils, and exposing the chisel-shaped incisor 
teeth. Behind the incisor teeth the hairy integument projects on each side into 
the cavity of the mouth. At the end of the snout, above the mouth, are the 



J?ig 44} Lepni oaoknlus. Lateral view of skeleton with outline of body. 

nostrils, in the shape of two oblique slits. The laigc eyes, situated at the sides 
of the head, have each three eyelids, an upper and lower hairy lid, and an an¬ 
terior hairless third eyelid or nictitating membrane, supported by a plate of 
cartilage. Vibrissa —very long stiff hairs- are scattered above and below the 
eyes and on the snout. Behind the eyes, and a little nearer the summit of the 
head, are a pan of very long flexible and movable external ears or pinna. 
These arc somewhat spout-shaped, expanding distally, and are usually placed 
vertically with the concavity directed laterally and somewhat forwards, leading 
to the external auditory opening. The neck is a distinct constriction, but 
relatively short as compared with the neck of tire Pigeon. The trunk is dis¬ 
tinguishable into thorax in front and abdomen behind. On the ventral surface 
of the abdomen in the female are four or five pairs of little papilla:—the teats. 
At its posterior end, below the root of the tail, is the anal opening, and in front 
of this in the male is the penis, with a small terminal urinogemtal aperture, and 
with the testes, each in a prominent scrotal sac, at the sides; and in the female 
the opening of the vulva. In the space {perinaum ) between anus and penis or 
vulva arc two bare, depressed areas of skin into which open the ducts of certain 
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glands—the perinaal glands —with a secretion having a strong and characteristic 
odour. The tail is very short and covered with a tuft of fluffy fur. 

The fore- and hini 4 imbs, both of which take part in locomotion and in 
supporting the weight of the animal, differ considerably in size—the fore¬ 
limbs being much shorter than the hind-limbs. Both ha/e the same general 
divisions as in the Lizard. The upper aim is almost completely hidden by the 
skin, being applied closely against the side of the body. The manus is provided 
with five digits, each terminating in a homy claw The thigh is also almost 
hidden by the skin; the pes has four digits only, all provided with daws. 

gkd etQ " T —The spinal column of the Rabbit is divisible, like that of the 
Pigeon and the Lizard, into five regions -Ihe cervical, the thoracic, the lumbar, 
the sacral, and the caudal. In the cervical region there are seven vertebra, 



Fig. 448 — Lepus cunicului. 4 , aths and a ms, ventral aspect od . odontoid process of 
axis 7 /, lateral vtew of axis art artuulai facet for atlds, od odontoid process; pt *v post- 
zvRapophvsis, s p neural *pine (, thoracic vertebra 1 , lateral view, cent centrum, far facet 
for rib, nut nutnpophysis pr *y pre /ypapophvsis, pt My post zvgapophysis; rb rib; sp* 
spinous process 

in the thoracic twelve, or sometimes thirteen, in the lumbar seven, or sometimes 
six. in the sacral four, and in the caudal about fifteen 

The centra of the vertebra in a young Rabbit consist of three parts—a 
middle part which is the thickest, anil two thin discs of bone—the epiphyses — 
anterior and posterior, applied respectively to the anterior and posterior faces 
of the middle part or centrum proper. Between successive centra in an un- 
raacerated skeleton are thm disc-like plates of iibro-cartilage—the inter-vertebral 
discs 

The transverse processes of all the ctTvic.il vertebrae, except the seventh o r 
last, are perforated by a canal, the verlebrarterial canal, for the Passage of tfee 
vertebral artery. The first vertebra or atlas (Fig. 448, A) resembles the corres¬ 
ponding vertebra of the Pigeon in being of the shape of a ring without any solid 
centrum like that of the rest On the anterior face of its lateral portions are 
two concave articular sui faces for the two condyles of the skull. The second 
vertebra or axis (A and B) bears on the anterior face of its centrum a peg-like 
process -the odontoid process (od .)—which fits into the ventral part of the wing 
of the atlas: it has a compressed spine (sp.), produced in the antero-posterior 
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direction; its transverse processes are short and perforated by a can a l for the 
vertebral artery. All the cervical vertebrae except the last have their trans¬ 
verse process bifurcated into dorsal and ventral lamellae. The seventh differs 
from the others in having a more elongated neural spine, in having its transverse 
processes simple and without perforation for the vertebral artery, and in the 
presence on the posterior edge of the centrum of a little concave semi-lunar 
facet. 

The thoracic vertebra (C) have elongated spines which are mostly directed 
backwards as well as upwards. The transverse processes are short and stout; 
each bears near its extremity a small smooth articular surface or tubercular facet 
for the tubercle of a rib. On the anterior and posterior borders of each vertebra is 
a little semi-lunar facet, the capitular facet (jac .), situated at the junction of the 
centrum and the neural arch. The two contiguous semi-lunar facets of succes¬ 
sive vertebrae form between them a little cup-like concavity into which the head 
or capitnlum of a rib is received. The scmi-huiar facet on the last cervical 
vertebra forms, with that on the anterior border ol the fust thoracic, the 
concavity for the head of the first rib. 

In the lumbar region the spines are comparatively short, and both trans¬ 
verse processes and bodies are devoid of facets. From the centrum of each of 
the first two (or three) projects downwards a short llattcncd process—the 
hypapophysib. Certain accessory processes—the inetupophyses (met.) and 
anapophyses —are well-developed, the former being extremely long in the 
posterior lumbar region. The metapophyses are situated in iront, projecting 
forwards and outwards over the pre-zygapophyses; and the anapophyses arc 
situated below the post-zygapophyscs and project backwards The transverse 
processes are long, and are directed forwards and outwards; that of the last 
lumbar is bifurcated. 

The sacral vertebrae are firmly ankylosed together to form a single composite 
bone, the sacrum. The vertebra bear a dose resemblance to those of the 
lumbar region, but the‘hypophyses and anapophyses arc wanting, and the 
metapophyses are comparatively small. The first and second bear great 
expanded lateral processes, or sacral ribs, with roughened external surfaces for 
articulation with the ilia. These are the only sacral vertebra in the strict 
sense of the term, the following two being in reality anterior caudal. 

Of the caudal vertebra the more anterior resemble those of the sacral region, 
and have similar processes; but as wc pass backwards in the caudal region all 
the processes gradually diminish in size, the most posterior vertebra being repre¬ 
sented merely by nearly cylindrical centra. 

There are twelve pairs of ribs, of which the first seven are known as true ribs, 
i.e„ are connected by their cartilaginous sternal parts with the sternum; while 
the remaining five, the so-called false or floating ribs, are not directly connected 
with the sternum. All, except the last four, bear two articular facets, one on the 
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vertebral extremity or capitulum, and the other on a little elevation or tubercle 
situated at a little distance from this—the, former for the bodies, the latter 
for the transverse processes of the vertebra;. 

The sternum consists of six segments or jstemchne ; the first, the manubrium 
sterni or presUmmn, is larger than the rest, and lias a ventral keel. With the 
last is connected a rounded cartilaginous plate, the xiphisternum. 

The skuU (Figs. 449,450), if we leave the jaws out of account, is not at all 
unlike that of the Pigeon in general shape. The length is great as compared with 
either the breadth or the depth; the maxillary region, or region of the snout 
(corresponding to the beak of the Pigeon), is long in proportion to the rest, the 
oibits closely approximated, being separated only by a thin inter-orbilal 
partition, and the optic foramina united into one. But certain important 
differences arc to be recognised at once. One of these is in the mode of union of 
the constituent bones. In the Pigeon, as we have seen, long before maturity is v 
attained, the bony dements of the skull, originally distinct, become completely 
fused together so that their limits are no longer distinguishable. In the Rabbit, 
on the other hand, sudi fusion lietwccn elements only takes place in a few 
instances, the majority of the bones remaining more or less distinct throughout 
life. The lines along which the edges of rontiguous bones are united—the 
sutures as they are termed—are sometimes straight, sometimes wavy, some¬ 
times zigzagged serrations oi the edges of the two hones interlocking; in some 
cases the edges of the hones are bevdled off and the bevelled edges overlap, 
forming what is termed a squamous suture. 

Another conspicuous difference between the skull of the Rabbit and that of *■' 
the Pigeon is in the mode of connection of the lower jaw, which in the former 
articulates directly with the skull the quadrate/* through which the union is 
effected in the Pigeon, being apparently absent. Certain large apertures which 
are distinguishable are readily identified with the large openings in the skull of 
the Pigeon. In the posterior wall of the skull is a large rounded opening, the 
foramen magnum, flanked with a pair of smooth rounded elevations or condyles 
for articulation with the first vertebra, these obviously corresponding to the 
single condyle situated in the middle below the foramen in the Pigeon. A large 
opening, situated at the end of the snout and looking forwards, obviously lakes 
the place of the external mres of the Pigeon; and a large opening in the roof 
of the mouth, leading lorw.trd to the external nasal opening, plainly represents, 
though much wider and situated farther back, the external or posterior nares 
of the Pigeon; while the rounded tubular opening {and. me) situated at the 
side of the posterior part of the skull, some distance behind the orbit, is evidently 
the same as the auditory aperture of the Pigeon. 

Surrounding the large opening of the foramen magnum are the bones of the 
occipital region of the skull, the supra-, ex- and basi-occipitals. The first of 
these (s. oc.) is a large plate of hone whose external surface is directed backwards 
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and upwards, and elevated in the middle into a shield-shaped prominence. 
The ex-occipitals lie at the sides of the opening, end each bears the greater part of 
the somewhat oval prominence or condyle with which the corresponding surface 
of the atlas or first vertebra articulates. Each is produced below into a process 
called the par-ocdpital (par. oc.), closely applied to the tympanic bulla. At the 
end of this, imbedded in the tendon of a muscle, the styloglossus, is a small bony 
rod, the stylo-hyal. A small aperture, the condylar foramen, situated below the 
condyle, is for the passage of one of the cerebral nerves, the hypoglossal. The 
basi-occipital is a median plate of bone, almost horizontal in position, which 
forms the floor of the most posterior part of the cranial cavity; it bears the 
lower third of the occipital condyles. All these four bones of the occipital region 
are in the adult Rabbit united together to form the single occipital bone. 
Articulating in front with the basi-occipital, but separated from it by a plate of 
cartilage, is a plate of bone, also horizontal in position, which forms the middle 
part of the floor of the cranial cavity. 'Phis is the basi-sphenoid ; it is per¬ 
forated at about its middle by an oval foramen—the pituitary foramen —and on 
its upper surface is a depression, the sella turcica, or pituitary fossa (Fig. 450, 
s. /.), in which the pituitary body rests. In front of it is another median bone 
of laterally compressed form, the pre-sphenoid, with which it is connected by 
cartilage, the removal of which leaves a gap in the dried skull; the pre-sphenoid 
forms the lower boundary of the single large optic foramen (Fig. 449, opt. fo). 
Connected laterally with the basi-sphenoid and presphenoid are two pairs of 
thin irregular plates, the ali-sphenoids (sa) behind and the orbito-sj>Henoids 
(0. sph.) in front. The ali-sphenoids are broad wing-like bones, each produced 
below into a bilaminate process, the pterygoid process. A large foramen, the 
sphenoidal fissure (sph.), situated between the basi-sphenoid andtheali-sphenoid 
of each side, transmits from the interior of the skull the third and fourth 
cerebral nerves, the first and second divisions of the fifth, and the sixth nerves. 

The boundary of the anterior part of the brain-case is completed by a narrow 
plate of bone, the cribriform plate of the ethmoid (Fig. 450, eth), perforated by 
numerous small foramina for the passage of the olfactory nerves. This cribri¬ 
form plate forms a part of a median vertical bone, the mesethmoid, the remainder 
of which, or lamina perpendicularis, forms the bony part of the partition (com¬ 
pleted by cartilage in the unmaceratcd skull) between the nasal cavities. Fused 
with the mesethmoid are two lateral, thin, twisted bones, the ethmo-turbinals 
(e. tb.), and with its inferior edge articulates a long median bone, with a pair 
of delicate lateral wings, the vomer (vo.). None of these, with the exception 
of the cribriform plate, takes any share in the bounding of the cavity of the 
cranium. Roofing over the part of the cranial cavity the walls and floor of 
which are formed by the sphenoid elements, is a pair of investing bones, the 
parietals (Fig. 449, pa.), and farther forwards is another pair, the frontals (Jr.). 
The parietals are plate-like bones, convex externally, concave internally, which 
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articulate with the supra-occipitai behind by a transverse serrated lambdoidal 
suture. The right and left parietaU articulate together by means of a somewhat 
wavy suture, the sagittal ; in front a transverse serrated suture, the coronal, 
connects them with the frontals. Between the supra-occipitai and the parietals 
is a median ossification or inter-parietal (inf. pa.). The frontals are intimately 
united along the middle by means of the frontal suture. Laterally their orbital 
plates form an important part of the upper portion of the inner wall of the orbit; 
above this, over each orbit, is a curved, somewhat crescentic process, the 
supra-orbital process. Between the ali-sphenoid below, the parietal and frontal 
above, (he frontal and orbito-sphenoid in front, and the parietal behind, is a 
broad bone (59.), the superior margin of which is bevelled off: this is the 
squamosal. It is produced in front into a strong zygomatic process, which curves 
outwards, then downwards, and finally forwards, to unite, with the jugal in 
the formation of the zygomatic arch. Below the root of the process is a hollow, 
the glenoidfossa. Posteriorly the squamosal gives off a slender process, tbepost- 
tympanic process (p. t. sq.), which becomes applied to the outer surface of the 
periotic. 

Between the occipital and parietal bones, below and behind the squamosal, 
are the tympanic and periotic bones. The tympanic forms the bony part of the 
wall of the external auditory meatus; below it is dilated to form a process (ty. 
but.) projecting on the under surface of the skull—the bulla tympani. The 
periotic is a bone of irregular shape, its internal (petrous) portion (Pig. 450, 
peri.) enclosing the parts of the membranous labyrinth of the internal ear, and 
externally presenting two small openings—the fenestra ovalis and fenestra 
rotunda— visible only when the tympanic is removed; internally it bears a 
depression, the floccular fossa, for the lodgment of the flocculus of the cerebellum. 
Part of the periotic (mastoid portion) is seen on the exterior of the skull between 
the tympanic and exoccipital. The periotic and tympanic are not ankylosed 
together, and are loosely connected with the surrounding bones, being held 
in position by the post-tympanic processes of the squamosal. Between the 
tympanic and periotic art' two foramina of importance - the stylomastoid, which 
transmits the seventh cerebral nerve, and the Eustachian aperture, at which the 
Eustachian tube opens. 

Roofing over the olfactory cavities are two flat bones—the nasals (nos .)— 
each having on its inner surface a very thin hollow process, the naso-turbinal. 
In front of the nasals are the premaxillse (p.max.) —large bones which form 
the anterior part of the snout, bear the upper incisor teeth, and give off three 
processes—a nasal, a palatine (pal. p.max.), and a maxillary. The maxilla 
(max.), which form the greater part of the upper jaw, and bear the premolar 
and molar teeth, are large, irregularly-shaped bones, the outer surfaces of which 
are spongy. They give off internally horizontal processes—the palatine 
processes (pal. max.)—which unite to form the anterior part of the bony palate. 
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Between the premaxilbe and raaxilbe and the palatines on the lower surface of 
the skull is a large triangular opening divided into two-—the anterior palatine 
foramina —by the palatine processes of the pre-maxillte. On the outer surface 
of each maxilla, above the first premolar tooth, is a foramen—the infra- 
orbital (i. o. /.)—through which the second division of 1 he fifth nerve passes. A 
strong process which is given off from the outer face of each maxilla, and turns 
outwards and then backwards to unite with the zygomatic process of the 
squamosal and thus complete the zygomatic arch, is a separate bone in the 
young, the malar or jugal (ju.). 

The maxillae help to bound the nasal cavities externally, and with each is 
connected on its inner aspect a pair of thin scroll-like bones—the maxillo- 



Fig. 45».-'Lepna aanfcralnfl. Skull in longitudinal vertical section. The cartilaginous 
nasal septum is removed, a, \ph, all-sphenoid; roc exoccipiUl; e tb. cthmo-turbmal f cth 
tthmoul; ft, fossa for flocculus of brain; i. incisors, ui\ lb max ill dry turbinal; n. tb naso- 
turbmal; pal'. palatine portion of the bouy palate; pen periotic (petrous portion); p. bph. 
pre-sphenoid ; sph f, sphenoidal lissure; s, t. sella turcua, or dcpiession in xthich the pituitary 
body lies, 1 point nt whuh the olfactory nerves leave the skull; IT optic foramen; V. mu, 
foramen for manrttbuLir division of trigeminal; VII. for facial nerve; VT1I. for auditory nerve; 
IX, X, XI, ioi glossopharyngeal, vagus, and spinal accessory; XII, for hypoglossal. Other 
letters as in Fig 440 (From Parker's Ptaduaf Zoohqy ) 


turbinals (Fig. 450, tnx. tb.). The rest of the narrow bony palate, forming the 
roof of the mouth and the floor of the nasal cavities, is formed by the palatine 
plates of the palatine bones (Pal.). The so-called pterygoids (pt .) arc small 
irregular bones, each of which articulates with the palatine in front and with 
the pterygoid process of the ali-sphenoid behind: these are probably not 
the equivalents of the pterygoids of other Vertebrates, but of the part of the 
para-sphenoid. The lacrymals (Icr.) are small bones, one situated in the 
anterior wall of each orbit, perforated by a small aperture—the lacrymal 
foramen. 

In the interior of the skull (Fig. 450) are three cavities, the two olfactory 
or nasal cavities, right and left, in front, and the cranial cavity behind. The 
former are separated from one another by a median partition or septum, partly 
cartilaginous, partly bony, formed, as above described, by the meseOmoid. 
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Each contains the turbinals or turbinated bones of its side; it opens on the 
exterior by the large external nasal aperture, and behind it communicates 
with the cavity of the mouth by the posterior nasal aperture. 

The cranial cavity has its walls moulded to a considerable extent on the 
surface of the contained brain, and, in consequence, there are to be recognised 
concavities in the former corresponding with the prominent portions of the 
latter. These concavities are termed the fosses, and they consist of the 
cerebellar fossa behind and the cerebral fossa in front, with the inconspicuous 
olfactory fossa in the frontal region. 



I 1 lb 451- Jaw muscles of the rabbit MI S. lateral superheidl, MI P deep lateral, tnma 
anterior medial MMP posterior medial, of masseter, Pit insertion of exlernal pterygoid, 
PT/'. insertion of internal pterygoid, t temporal, V insertion of temporal (Redrawn aftri 
lullberg) 

The mandible, or lower jaw, consists of two Jateral halves or rami, which are 
connected with one another in front by a rough articular surface or symphysis, 
while behind they diverge like the limbs of a letter V. In each ramus is a 
horizontal portion (anterior), which bears the teeth, and a vertical or ascending 
portion, on which is the articular surface or condyle [coni.) for articulation with 
the glenoid cavity of the squamosal; in front oi tlie condyle is the compressed 
coronotd process. The angle where the horizontal and ascending processes 
meet gives off an inward projection or angular process (ang. pro.) (Fig. 449). 

The jaw-muscles in the Rabbit are somewhat specialised for the action of 
gnawing, though to a less extent than in many other Rodents (see Fig. 451). 
The muscles chiefly concerned are the temporal, masseter, and digastric. The 
temporal has its origin from a long and rather irregular area on the reduced 
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temporal fossa, and is inserted on the medial side of the coronojd process of the 
lower jaw. The masseter is a large mass, and is divided into three sections, 
deep and superficial lateral and medial. The origin is along the whole border 
of the jugal arch (the medial and deep lateral) and on the lower border of the 
maxilla (superficial lateral). The insertion of all three sections is on the outer 
face and border of the angle of the lower jaw. The internal and external 
pterygoid muscles arising from the pterygoid region are inserted on the inner 
side of the jaws at the angle and coronoid, respectively. The digastric muscles 
which open the jaws arise from the paroccipital process, and arc inserted on the 
medial lower surface of the ramus. In the front part of the jaws arc inserted 
other smaller muscles, such as the buccinator, which moves the lips, the genio- 
hyoglossus for the tongue, etc. 

The hyoid consists, in addition to the separate vestigial slylo-hyals already 
mentioned (p. 493), of a stout thick body or basi-hyal, a pair of small anterior 
cornua or ccrato-hyals, and a pair of long backwardly directed cornua or 
thyrohyals. 

The auditory ossicles, contained in the cavity of the middle ear and cut 
off from the exterior in the unmacerated skull by the tympanic membrane, 
arc extremely small bones, which form a chain extending, like the columella 
auris of the Pigeon, from the tympanic membrane externally to the fenestra 
ovalis internally. There are three of these auditory ossicles—the stapes, which 
corresponds to the columella of the Pigeon; the incus, and the malleus, the 
latter with a slender process [processus gracilis): these are derived respect- 
ively from the quadrate and articular elements (q.v.) of lower vertebrates. 
In addition there is a small disc-like bone, the orbicular, which is attached to 
the incus. 

The elements of the pectoral arch are fewer than in the Lizard. There is a 
broad, thin, triangular scapula, the base or vertebral edge of which has a thin 
strip of cartilage (the suprascapular cartilage) continuous with it. Along the 
outer surface runs a ridge - the spine ; the spine ends below in a long process— 
the acromion process- from which a branch process or metacromion is given off 
behind. The part of the outer surface of the scapula in front of the spine is 
the pre-sfinous or prc-scapular fossa, the part behind is the post-spinous or 
post-scapular fossa. At the narrow lower end of the scapula is a concave 
surface—the glenoid cavity— into which the head of the humerus fits, and 
immediately in front of this is a small inwardly curved process—the coracoid 
process— which is represented by two separate ossification 6 in the young 
Rabbit. A slender rod—the clavicle —lies 'obliquely in the region between the 
pre-sternum and the scapula, but only extends a part of the distance between 
the two bones, and in the adult is only connected with them through the 
intermediation of fibrous tissue. 

The skeleton of the fore-limb is more readily comparable with that of the 
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Lizard than that of the Bird; but there is a difference in the position of the parts 
owing to the rotation backwards ol the distal end of the humerus, all the seg¬ 
ments being thus brought into a plane nearly parallel with the median vertical 
plane of the body, with the pre-axial border directed outwards, and the original 
dorsal surface backwards. The radius and ulna are fixed in the position of 
pronaUon, i.e., the distal end of the radius is rotated inwards, so that, while the 
proximal end is external to the ulna, the distal end becomes internal, and the 
digits of the manus are directed forwards. 

At the proximal end of the humerus, are to be recognised: (i) a rounded 
head for articulation with the glenoid cavity of the scapula; (2) externally a 



Ik. 4t>- Lepua onnlcnlns. 
Distal end of fort arm and carpus 
dorsal mcw, the bones bent 
towards the doisal side so as to 
lie partly sepaiatcd cent. c<n 
trale cun cuneiform f Lun 
lunar, iuog. magnum uiri 
radius, tc scaphoid, trpx tripe 
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ulna, nnc unciform, / I 
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Hi* 45j. Lupus cunioului. 
innominate bones and sacrum 
ventral aspect out aretabulum 
il ilium; is ch ischium; ol t 
obturatoi foranun, pub pubis, 
sacr sac rum, sv sympliysib 


gi enter and (j) internally a lesser tubetosily for Lhc insertion of muscles; (4) a 
groove, the bicipital groove, between the two tuberosities. On the antenor 
surface of the proximal portion of the shaft is a slight ridge, the deltoid ridge. 
At the dist.il end are two articulai surfaces, one large and pullcy-like— trochlea — 
for the ulna; the other smaller -capitellum - for the radius: laterally are 
two prominences or condyles, an internal and an external. 

The radius and ulna are firmly fixed together so as to be incapable of move¬ 
ment, but are not actually ankylosed. llie radius articulates proximally with 
the humerus, distally with the scaphoid and lunar bones of the carpus. The ulna 
presents on the anterior aspect of its proximal end a deep fossa, the greater 
sigmoid cavity, for the troclilea of the humerus; the prominent process on the 
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proximal side of this is the olecranon process. Distally it articulates with the 
cuneiform. 

The carpal bones (Fig. 452), nine in number, are all small bones of irregular 
shape. Eight of these are arranged in two rows—a proximal and a distal; 
the ninth, centrale (cent.) , lies between the two rows. The bones of the proximal 
row are—taken in order from the inner to the outer side— scaphoid (sc.), lunar 
(or semi-lunar) (lun.), cuneiform (tun), and pisiform. Those of the distal row 
are reckoned in the same order, trapezium (trpm), trapezoid '(irpz), magnum 
(mag), and unciform (unc). 1 

The five metacarpals arc all small but relatively narrow and elongated 
bones, the first being smaller than the rest. Each of the five digits has three 
phalanges, except the first, which has only two. The distal (ungual) phalanges 
are grooved dorsally for the attachment of the homy claw. 

The pelvic arch (Fig. 453) contains the same elements as in the Pigeon, but 
the union of the ilium with the sacrum is less intimate, the acetabulum is not 
perforated, and the pubes and ischia of opposite sides unite ventrally in a 
symphysis (sy.). The three bones of the pelvis—ilium, pubis, and ischium— 
are separate ossification in the young Rabbit; but in an adult animal complete 
fusion takes place between the bones. The ilium and ischium meet in the 
acetabulum or articular cavity, which they contribute to form, for the head ol 
the femur; but the remainder of flic cavity is bounded, not by the pubis, but 
by a small intercalated ossification the rotyloid l>one. The ilium (ft.) has a 
rough surface for articulation with the sacrum. Between the pubis (pub.) in 
front and the iscluum (isch) behind is a large aperture- -the obturator foramen 
(obt). The femur is rotated forwards when compared with that of the Lizard, 
so that the limb is nearly in the same plane as the fore-limb, and the pro-axial 
border is internal and the originally dorsal surface anterior. The femur has at 
its proximal end a prominent head for articulation with the acetabulum, external 
to this a prominent process the gi eat trot hanter, and internally a much smaller 
—the lesser trochanter, while a small process or third trochanter is .situated on the 
outer border a little below the great troi hanter. At its distal end are two 
prominences or condyles, with a depression between them. Two small sesamoids 
or fabellte are situated opposite the distal end on its posterior aspect; and 
opposite the knee-joint, or articulation lielwccn the lemur and the tibia, is a 
larger bone of similar character—the knee-cap or patella. The tibia lias at its 
proximal end two articular surfaces lor the condyles of the femur; distally it 
has also two articular surfaces, one, internal for the astragalus, the other for 
the ealenneum. The fibula is a slender bone which becomes completely fused 
distally with the libia. 

1 The homologies of these bones air not quite ccitain, but axe very probably as follows 
scaphoid ■* radialc; lunar — ist centrale; cuneiform intermedium; pisifonn =?ulnare; cen¬ 
tral© m and centrale, liapermm — ist distale) tiapczoid 2nd disUle; magnum ^ 3rd dibtaic, 
unciform 4th and 5th uisUlia. 
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The tarsus (Fig. 454) consists of six bones of irregular shape, arranged in two 
rows, one of the bones—the navicular (nav .)—being intercalated between the 
two rows. In the proximal row axe two bones—the astragalus (ast.) and the 
calcaneum {cal.)—both articulating with the tibia; the calcaneum presents 
behind a long calcaneal process. The distal row contains three bones, the 
tneso-cuneiform, ecUhcunei/om, and cuboid (cub.) ; the ento-cuneiform, which 
commonly forms the most internal member of this row in other Mammals, 
is not present as a separate bone. 1 



Fig. 454.— Lepus cunl- 
euluB, Skeleton of pcs 
ast. astragalus; cat. cal- 
rauenm; cub. cuboid; cun. 
(uneiforms; nav. navicular. 



niuepuL 


I 1 io. 455.- Lepus canioului. Vcitknl sec¬ 
tion through the anterior pait of the nasal region 
of the head. inc. section of larger incisor 
tooth; jcb. lumen of Jacobson's organ, sur¬ 
rounded by cartilage; Ur dct. lachrymal duct; 
« mx. maxilla; max. trh. maxillary turbmals; 
was. nasal bone; nas pal. naMi-palntme canal; 
sept cart cartilaginous nasal septum. (Aftei 
Krause.) 


There are four metatarsals, the hallux or first digit being vestigial and fused 
with the second metatarsal in the adult. The proximal end of the second is 
produced into a process which articulates with the navicular. Each of the 
digits has three phalanges, which are similar in character to those of the maims. 

The MBlome of the Rabbit differs from that of the Pigeon and Lizard in 
being divided into two parts by a transverse muscular partition, the diaphragm. 

1 In all probability tlic homologies of these bones an as followsastragalus « tibiale H 
intermedium; calcaneum «fibulare; navicular — centrale; ento-cuneiform * vat distale; meso- 
cuneiform 2nd distale; ecto-c unciform m 3rd distale; cuboid «* 4th and 3th distalia 
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The anterior part, or thorax, contains the heart and the roots of the great vessels, 
the lungs and bronchi, and the posterior part of the oesophagus. The posterior 
part, or abdomen, contains the stomach and intestine, the liver and pancreas, 
the spleen, the kidneys, ureters and urinary bladder, and the organs of 
reproduction. 

Digestive Organs. —The teeth (Fig. 449) are lodged in sockets or alveoli in 
the premaxilla®, the maxillae, and the mandible. In the premaxillae are 
situated four teeth—the four upper incisors. Of these the two anterior are 
very long, curved, chisel-shaped teeth, which are devoid of roots, growing 
throughout life from persistent pulps. Enamel is present, and forms a thick 
layer on the anterior convex surface, which accounts for the bevelled-off 
character oi the distal end—the layer of enamel being much harder than the 
rest, which therefore wears more quickly away at the cutting extremity of the 
tooth. Along the anterior surface is a longitudinal groove. The second pair 
of incisors of the upper jaw are small teeth which are lodged just behind the 
larger pair. In the lower jaw are two incisors, which correspond in shape 
with the anterior pair of the upper jaw, the main difference consisting in the 
absence of the longitudinal groove. The remaining teeth of the upper jaw are 
lodged in the maxillae. Canines, present in most Mammals as a single tooth on 
each side, above and below, are here entirely absent, and there is a considerable 
space, or diastema, as it is termed, between ihe incisors and the teeth next in 
order —the premolars. Of these there ar* three in the upper jaw anu two in 
the lower. They are long, curved teeth with persistent pulps like the incisors. 
The first of the upper jaw is smaller than the others and of simple shape, the 
rest have each a longitudinal groove on the outer side and a transverse ridge on 
the crown. The first premolar of the lower jaw has two grooves; the second is 
similar to those of the upper jaw. Behind the premolars are the molars, three 
on each side both in the upper and lower jaws. These arc similar to the 
upper premolars, except the last, which is small and of simple shape. 

Opening into the cavity of the inouth, 01 buccal cavity, are the ducts of four 
pairs of salivaty glands -the parotid, the infraorbital, the sub-maxiUary (Fig. 
456, s. mx. gl.), and the sub-lingual (s. gl.). On the floor of the mouth is the 
muscular tongue, covered with a mucous membrane which is beset with many 
papillae, on certain of which the taste-buds (p. in) are situated. The roof of 
the mouth is formed by the hard palate, which is crossed by a senes of trans¬ 
verse ridges of its mucous membrane. Posteriorly the hard palate passes into 
the soft palate, which ends behind in a free pendulous flap in front of the opening 
of the posterior nates. At the anterior end of the palate is a pair of openings— 
the naso-palattne or anterior palatine canals, leading into the nasal chambers, 
and into them open a pair of tubular structures—the organs of Jacobson (Fig. 
455, jcb .)—enclosed in cartilage and situated on the floor of the nasal cavities. 
Behind the mouth or buccal cavity proper is the pharynx, which in the Rabbit 
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is not sharply marked off from the buccal cavity, but begins where the hard 
palate ends. The pharynx is divided into two parts, an upper or nasal division 
and a lower or buccal division, by the soft palate. The passage of the pos¬ 
terior nares is continuous with the nasal division, at the sides of which are the 
openings of the Eustachian tubes. The nasal division is continuous with the 
buccal division round the posterior free edge of the soft palate. From the 
buccal division leads ventrally the slit-like owning of the glottis 1 into the 
larynx and trachea; overhanging the glottis is a leaf-like movable flap (Fig. 
456, ep.) formed of a plate of yellow elastic cartilage covered with mucous 
membrane; this is the epiglottis. Behind, the pharynx becomes continuous 



Fig 456— Lepu ounionlni. I aleral dissection of the Iliad, neck, and IhoraK The Jit ad 
and spinal column are represented in mesial vertical ser tion the left lung is removed f the 
greater part of the nasal septum is removed so as to show the uglit njsdl cavity i*ith its turbinals 
aoit dorsal aoita, h. Av. basi-hjal, M rcicbellum nr cirubral hemispheres, cot v tnnmaij 
\cin, dia diaphragm, tp epiglottis, cm opening of Lustihian tube into pharynx, lar larynx 
l 1 f left jugular vein, l.sb a left subclavian ait cry, l sb v left subt 1 man vem, tna\ maxilla, 
mid medulla oblongata, mc\eth mpsethmold, m% tib maxillo turbinal cry oesophagus, 
olf olfactory bulb; fl ait pulmonary artery, ptnax pn maxilla, pi </ priiteiiium pt c 
post caval vein . rt. I Ing root of left lung with bronchus and pulmonirs \ 0111s and artery cut 
ouobs, s gl. sub-lingual salivary glands; a. mi gld sub-maxillary sali\ai\ glind, si steniebne, 
tug tongue, tr trachea, trb cthmo turbinals ml pi soft palate. 

with the a sophagut or gullet (irs.). 'Ihe latter is a nariou but dilatable mus¬ 
cular tube which runs backwards from the pharynx through the nock and thorax 
to enter the cavity of the abdomen thiough an aperture in the diaphragm, and 
opens into the stomach 

The stomach (Fig. 457) is a wide sac, much widci at the uirdiac end, at 
which the oesophagus enters, than at the opposite or pyloric end, where it 
passes into the small intestine. The small intestine is an elongated, narrow, 
greatly coiled tube, the first part of which, or duodenum ( du . and i/m'.), forms a 
U-shaped loop. The large intestine is a wide tube, the first and greater part 

1 1 lie term glottis is mure strictly applied nnt to this sbt, but to the slit like apcituie between 
two folds of the mucous membrane within the lai y nx -the vocal cord* is Inch consitute the chief 
partts of the vocal apparatus 
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1 10 i*)" Lepus cuntcului. 1 he stomach duodenum postmen portion of rectum and 

Incr (in outline) with the 11 uterus veins and dmts 1 the cable irtei\ of -mother specimen 
(both 0 I he gullet is r ut tin >iif,h and the stum uli somewhat disp] iced backwirds to show 
the mniliraiious of the calne utci> (<a a ) the duodenum is spread out to the right of the 
subject to show the pinrieas (fin ) the hi niches of the 1 ile duct (t, b d) portal inn (/> 1 ) md 
hepatic aitiry (h a ) arc supposed In bt ti iced some distance into the various lol>es of the liver 
a m a antenoi mescnti ru utci\ ea*i < 111 date lolie of Jive 1 witli its aituy vuu and bile duct 
c b d common bile duct id st cardiu portion of stemuh c %l a common iliac arter> 
cv a calm arter) c\ a < >siic irtcry, cy d cystic duct d ao dorsal aorta du pioximil 
and du f distal limbs of duorlcnum du a duodenal arteiy, du h a On A) duodeno hepatic 
utcr} g a gistiic arter) md Min ^ b gallbladder h a liepitn irtery, h d left hep itic 
duct / r left central loin ol Inc r with its liter) vein and bile duct / g u lieno gastric vein 
/ / lateial lobe of liver mtli its irtcn vein and bile duct wv bi inch of mesenteric ailor) and 
vein to duodenum tut r mcsorcctum m chief nicscntciic \cm us ersopliagus p m a 
posteuor mesenteric artery f w posterior me scnlenc vein pn pine teas fin d pancreatic 
duel p r poitil\cm p\ it p>louc portion of stomadi ret rectum r c right central lobe 
of liver with after) \< 111 md bile duct spg Spigelian lobe of livei with its alter) vein and bile 
duct, spl spleen sp a splemc aitery (trim Parker b Zootomy) 
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of which, termed the colon, has its walls sacculated, and is continued into a 
narrow, smooth-walled posterior part or redum (ref.). At the junction of the 
small with the large intestine is a very wide blind tube, the cacum, which is 
of considerable length and is marked by a spiral constriction, indicating the 
presence in its interior of a narrow spiral valve. At its extremity is a small, 
fleshy, finger-like vermiform appendix. 

'Die intestine, like that of the Pigeon, is attached throughout its length to 
the dorsal wall of the abdominal cavity by a mesentery, or fold of the lining 
membrane or peritoneum. 

The liver is attached to the diaphragm by a fold of the peritoneum. Its 

substance is partly divided by a senes of 

« fissures into five lobes. A thin-walled 

gall-bladder lies in a depression on its 
m ' v posterior surface. The common bile-duct 
(c. b. d.), formed by the union of the cystic 
duct from the gall-bladder and hepatic 
ducts from the various parts ot the liver, 
mpap to 0 pg n i n t 0 the duodenum near 

The pancreas (/>«.) is a diffused gland 
in the fold of mesentery passing across 
the loop of the duodenum. Its single 

l ig Lepui canieulas. Hrart duct, the pancreatic duct [pft. d.) , opens 

seen fiom the right side, the *alls of the : nto t u e distal limb of the loOD 

right auricle and right ventrii le partly 11110 Ine Q1Siai UinD OI ine 100 P 4 

lemovcd so as to exposo the cavities Circulatory Organs.—The heart (Fig. 

458 ) Situated in the cavitv oi the 
«uli papiUareb, pi c po>.t-cavai, pt t' thorax, a little to the left of tlio middle 

salve belowT r pr 1. right prc-cavai, line, and lies between the two pleural 

sacs enclosing the lung^. Between the 
pleural sacs is a space, the mediastinum 
(Fig. 461). Thib is divisible into four parts, the anterior, the dorsal, the middle, 
and the ventral. In the anterior part lie the posterior part of the trachea, 
the neighbouring parts of the oesophagus and of the thoracic duct of the 
lymphatic system, the roots of the great arteries and the veins of the pre-cavnl 
system, and the phrenic, pneumogastric, and other nerves. In the dorsal part 
are situated the posterior part of the oesophagus, the thoracic part of the dorsal 
aorta, the pneumogastric nerve, the azygos vein, and the thoracic duct. The 
middle part is the widest, and lodges the heart and roots of the aorta and 
pulmonary artery enclosed in the pericardium, the posterior portion of the 
pre-cavaJ veins, the phrenic nerves, the terminal part of the azygos vein, and 
the roots of the lungs. The ventral part contains only areolar tissue with the 
thymus gland. The pericardial membrane enclosing the heart consists of two 


110 4 & Lepui cunioulua. Hrart 

seen fiom the right side, the udlli of the 
right auricle and right ventru le partly 
lemovcd so as to exposo the cavities 
ao aorta, f. 00 fossa ovalis l pr 1 
opening of left prc-i aval, ui pap raus- 
cub papillareb, pt c post-caval, pt C 
opening of post caval, with Eustachian 
valve below, r pr (. right prt-faval, 
1 pul . right pulmonar> artery, sem v. 
semilunar valves, in v tricuspid valv* 
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layers, a parietal, forming the wall of the pericardial cavity, and a visceral, 
immediately investing the heart. Between Che two is a narrow cavity contain¬ 
ing a little fluid—-the pericardial fluid. In general shape the heart resembles 
the heart of the Pigeon, with the apex directed backwards and slightly to the 
left, and the base forwards. Like that of the Pigeon, it contains right and left 
auricles and right and left ventricles, the right and left sides of the heart having 
their cavities completely separated of! from one another by inter-auricular and 
inter-ventricular partitions. 

Into the right auricle open three large veins— the right and left prc-caval veins 
and the single post-caval —the first into the anterior part, the second into the 
left-hand side of the posterior portion, and the third into the dorsal surface 
(Fig. 458). Projecting forwards from it is an ear-like auricular appendix, the 
inner surface of which is raised up into numerous cords of muscular fibres, the 
musculi pectinati. A membranous fold, the remnant of the foetal Eustachian 
valve, extends from the opening of the post-caval forwards towards the auricular 
septum. The opening of the left pre-caval is bounded behind by a crescentic 
fold, the valve of Thebesius. On the septum is an oval area where the partition 
is thinner than elsewhere; this is the fossa ovaUs (/. on.): it marks the position 
of an aperture, the foramen ovale, in the foetus. The crescentic anterior rim 
of the aperture is known as the annulus ovalis. The cavity of the right auricle 
communicates with that of the right ventricle by the wide right auriculo- 
ventricular opening. This is guarded by a valve, the tricuspid (tri. v.), composed 
of three membranous lobes or cusps, so arranged and attached that while they 
flap back against Ihe walls of the ventricle to allow the passage of blood from 
the auricle to the ventricle, they meet together across the aperture so as to close 
the passage when the ventricle contracts. The lobes of the valve are attached 
to muscular processcss of the wall of the ventricle, the musculi papillares (in. 
pap.), by means of tendinous threads called the chorda tendinea. The right 
ventricle, much thicker than the auricle, forms the right side of the conical 
apical portion, but does not extend quite to the apex. Its walls are raised up 
into muscular ridges called columna cornea. It gives off in front, at its left 
anterior angle, the pulmonary artery, the entrance to which is guarded by 
three pouch-like semilunar valves (sent. v.). 

The left auricle, like the right, is provided with an auricular appendix. Into 
its cavity on its dorsal aspect open together the right and left pulmonary veins. 
A large left auriculo-ventricular opening leads from the cavity of the left 
auricle into that of the left ventricle: this is guarded by a valve, the mitral 
consisting of two membranous lobes or cusps with chords tendines and musculi 
papillares. In the walls of the ventricle are columns came®, rather more 
strongly developed than in the right. At the basal (anterior) end of the left 
ventricle is the opening of the aorta, guarded by three semilunar valves similar 
to those at the entrance of the pulmonary artery. The coronary arteries, which 
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supply the muscular substance of the heart, are given off from the aorta just 
beyond the semilunar valves. The corresponding vein opens into the terminal 
part of the left pre-caval. The pulmonary artery divides into two, a right and a 
left, each going to the corresponding lung. 

The aorta gives origin to a system of arterial trunks by which the arterial 
blood is conveyed throughout the body. It first runs forwards from the base 
of the left ventricle, then bends round the left bronchus, forming the arch of the 
aorta (Pig. 459), to run backwards through the thorax and abdomen, in close 
contact with the spinal column, as the dorsal aorta (d. ao.). From the arch 
of the aorta are given off two large arteries, the innominate (in.) and the left 
subclavian. The innominate divides to form the right subclavian (s.cl. a.) and 
the right (r. c. c.) and left (l. c. c.) common carotid arteries. The right subclavian 
passes to the fore-limb us the brachial artery, giving origin first to the vertebral 
artery, which, after passing up Ihrough the vertebrarterial canal, enters the 
cranial cavity, having first supplied branches to the spinal cord; and then to 
the anterior epigastric or internal mammary, which supplies the side of the chest 
behind the root of the fore-limb. The right carotid divides opposite the angle 
of the jaw into internal and external carotids. The left carotid and left sub¬ 
clavian correspond in their distribution and brandling to the right carotid and 
right subclavian respectively. The aorta, in passing through the thorax, gives 
off a scries of small paired intercostal arteries (*'.«.). In the abdomen its first 
large branch is the ctrhac artery (nr.), which supplies the liver, stomach, and 
spleen. Behind this it gives origin to the anterior mesenteric (a. in.), which 
supplies the intestine and the pancreas. Opposite the kidneys it gives oil the 
two renal arteries (r.) for the supply of these organs, and a good deal farther 
back the spermatic (spni.) or ovarian arteries for the testes or ovaries as the case 
may be. Just in front of the origin of the spermatic arteries is giveu off a 
posterior mesenteric (p. m.), which supplies the hinder part of the rectum. A 
series of small lumbar arteries supply the side-walls of the abdominal cavity. 
Posteriorly the dorsal aorta divides to form the two common iliac arteries (c, 
il. a.) which supply the pelvic cavity and hind-limbs, a small median sacral 
(caudal) artery (ms. t.) passing backwards in the middle line to supply the caudal 
region. 

The system of caval veins which open into the right auride consists of the 
right and left pre-cavals and of the single post-caval. The right pre-caval is 
formed by the union of the right jugular (e.ju.) vein and right subclavian (scl. v.). 
The azgyos vein (as .».), the right anterior intercostal (».«.), and the right anterior 
epigastric or internal mammary also opens into it. The left pre-caval receives 
a series of veins similar to those forming the right, except that there is no 
azygos on the left side. 

The post-caval vein (pt. c.) is formed in the hinder part of the abdominal 
cavity by the union of the internal iliacs (». il. v.) bringing the blood from the 
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l«iu ^ 59 — Lepui cnmoulUB. Iht v asLular tysU ni I he In u t is somewhat displaced towards 

the left of tho subject, the urliiies of the rif,hl and the \ ms nl the Jett side aie id great measure 
removed, a. tpg internal mammary or anterior epigastnc aiti 1 j a.f antenor facial vein , « w. 
anterior mesenteric aitciy a ph antenor phif me win ax i a/ygus vein hi brai hial artuy , 
c il a common line aridv • *1 1 hindei end of pnst-cc\al, ia caluic aiteiy p d an dors.il 
aorta, e e external carotid artery , t 1 1 a extern il iliac artery 1 d \ extern.il iliac vein, 
£ ju external jugular 'vein, /«i a fenionl artery, /m 1 femoral uin, h t hepUic veins, 
1 c. interned carotid aitiry , 1 n mtcnostil vessels, * ju internal jugular \ein 1 l 1I10 lunibai 
aitcry and vein, is, innominate .irlciy , / au left autulc l c. 0 left common caiotid artery, 
l pr r left pre-caval vein, l.v left ventricle, m median sacral artery, p a pulmonaty Jitcrv 
j tpg posterior epigastric artery and vein, p f poslciiorfaci.il vein, p m posterior mesenteric 
arleiv, p. ph posterioi phrenic veins; pt. c postcaval vein p v pulmonary vein r renal 
aitcry and vein, 1 au right auricle, f.c 0 right common carotid artery, r pr r. nght pre caval 
\em, r v light ventiicle, stl a right subclavian artoxy, tel v subclavian vein \pm spermatic 
artervand vein, s is superior vesical artery and \ein, ut uterineaiten and vein, ir vertebral 
artery, (From Paiher's Zootomy ) 
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back of the tliighs. Shortly after its origin it receives the two external iliacs 
(t, il. v.) coming from the hind-limb. In front of this a pair of ilio-kmbar (». /.) 
veins join it; a little farther forward a pair of spermatic (i spm.) or ovarian veins; 
and opposite the kidneys a pair of renal veins (r.). From the liver the blood is 
carried to the post-caval by the hepatic veins. A pair of small posterior phrenic 
veins (p. ph.) bring the blood from the diaphragm and open into the post-caval 


as it passes through the substance of the latter. 

The hepatic portal system consists, as in other Vertebrates, of a system of 


veins conveying blood from the various 
parts of the alimentary canal to the 
liver, the trunks of the system uniting 
to form the single large portal vein 
(Fig. 457, p. v.). The principal veins 
of the portal system are the lieno- 
gastric, duodenal, anterior mesenteric, 
and posterior mesenteric. There is no 
trace of a renal portal system. The 
red blood corp us cles axe circular, bi- 
concave 1 non-nucleated discs. 



Fig. 460 - Lepns omuenhii. 

4 , ventral view IJ dorsal view aiy 
arytenoid, tr cricoid ep epiglottis, 
sant cartilage ot Santorini fh, thyroid, 
h trachea (from Kid use aftei 
Schneider) 
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hu> |<ii -Lepui eanlcniaa. Itiagram 
of a transverse section ot the thorax in the 
region of the ventricles to show the relations 
of the pleura 1 mediastinum etc The lungs 
arc contracted dott dorsal aorta, az. v 
azygos vein ant centrum of thoracic 
vertebra , / /ng left lung, l pi. left pleural 
sat / lent left \cubicle, mv spinal cord 
ffs oesophagus pat pet parietal layer of 
pericardium pt ia postcaval close to its 
enframe into light auricle r Ini' right 
lung 1 pi right pleural ciml\ , t vent 
1 iglrf ventru lc st sternum, x wed. ventral 
mediastinum 


Respiratory Organs.—The larynx (Fig. 460) is a chamber with walls sup¬ 
ported by cartilage, lying below and somewhat behind the pharynx, with which 
it communicates through a slit-like aperture. The cartilages of the larynx arc, 
in addition to the epiglottis, which lias been already referred to (p. 502), the 
large thyroid [th ), which forms the ventral and lateral walls, the ring-like 
cricoid ( cr .), the two small arytenoids (ary.), and a pair of small nodules, the 
cartilages of Santorini (sant.), situated at the apices of the arytenoids. The 
vocal cords extend across the cavity from the thyroid below to the arytenoids 
above. Leading backwards from the larynx is the trachea or wind-pipe (Fig. 
460, tr. J, a long tube the wall of which is supported by cartilaginous rings which 



PHYLUM CHORDATA 


500 

are incomplete dorsally. The trachea enters the cavity o! the thorax, and there 
divides into the two bronchi, one passing to the root of each lung, 

The lungs (Pig. 46X) are enclosed in the lateral parts of the cavity of the 
thorax. Each lung lies in a cavity, the pleural sac, lined by a pleural mem¬ 
brane. The right and left pleural sacs are separated by a considerable interval 
owing to the development in the partition between them of a space, the medias¬ 
tinum, in which, as already explained, lie the heart and other organs. The lung 
is attached only at its root, where the pleural membrane is reflected over it. 
In this respect it differs widely from the lung of the bird. It differs also in its 
minute structure. The bronchus, entering at the root, divides and subdivides 
1 to form a ramifying system of tubes, each of the ultimate branches of which, or 
terminal bronchioles , opens into a minute chamber or infundibulum, consisting 
of a central passage and a number of thin-walled air-vesicles or alveoli given off 
from it. A group of these infundibula, supplied by a single bronchiole, which 
divides within it to form the terminal bronchioles, is termed a lobule of the 
lung. 

In shape the lung may be roughly described as conical, with the apex 
directed forwards. The base, which is concave, lies, when the lung is distended, 
in contact with the convex anterior surface of the diaphragm. The outer or 
costal surface is convex in adaptation to the form of the side-wall of the thorax; 
the internal surface is concave. 

Ductless Glands. The spleen is an elongated, compressed, dark-red body 
situated in the abdominal cavity in close contact with the stomach, to which it 
is bound by a fold of the peritoneum. The thymus, much larger in the young 
Rabbit than in the adult, is a soft mass, resembling fat in appearance, situated in 
the ventral division of the mediastinal space below the base of the heart. The 
thyroid is a small, brownish, bilobed, glandular body situated in close contact 
with the ventral surface of the larynx. 

Nervous System.—Hie neural canty, as in the Pigeon, contains the central 
. organs of the ccrebro-spinal nervous system—the brain and spinal cord. The 
brain (Figs. 462, 463, 464) of the Rabbit contains the same principal parts as 
that of the Pigeon, with certain differences, of which the following are the 
most important. 

The surface of the cerebral hemispheres or parcncephala (Fig. 462, /. b„ 
Fig. 463, c. h.), which are relatively long and narrow, presents certain depres¬ 
sions or sulci, which, though few and indistinct, yet mark out the surface into 
lobes or convolutions not distinguishable in the case of the Pigeon or the Lizard. 
A slight depression -the Sylvian fissure— at the side of the hemisphere separates 
off a lateral portion, or temporal lobe (Fig. 464, r. A, 1 ), from the rest. There 
are very large club-shaped olfactory bulbs at the anterior extremities of the 
cerebral hemispheres, and behind each on the ventral surface of the hemi¬ 
sphere is the corresponding olfactory tract leading back to a slight rounded 
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elevation, the inbercuhm olfacioritm. Connecting together the two hemispheres 
is a commissural structure—the corpus callosum (Figs. 463, 464, cp. cl.) —not 
present in the Pigeon; this runs transversely above the level of the lateral 
ventricles. Examined in transverse section, i.e., in a longitudinal section of the 
brain (Fig. 464), the corpus callosum is seen to bend slightly downwards, 




Tig 462 Lepus cumculni. Hiain /, duis.il H ventral, (, la trial \iew. b o olfactory 
bulb cb' median lobe of cerrljelluin (vermis), ib ' lateral lobe of cerebellum; cr. crura cerebri 
ep epiphysis / b paronrephala f p longitudinal future h b cerebellum, hp hypoph>sis , 
m b mid brain (corpuid quadngtmina), uid medulla oblongata pi ponsVaiolu the transverse 
iibres of ahuh die here not mein ated x-nx, curebial mn c * (brom Wicdeisheini) 


forming what is termed the genu, posteriorly it bends downwards and forwards, 
forming the spleniuni, which passes forwards and is united with the fornix. 
Below the corpus callosum is another characteristic structure of a commissural 
nature - the fornix (6 fo.) —a narrow median strand of longitudinal fibres, which 
bifuicates both anteriorly and posteriorly to form the* so-called pillars of the 
fornix—anterior (Figs. 463 and 464, a. fo.), and posterior (Fig. 463, p. fo.). 
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Below the corpus callosum, between it and the fornix, the thin inner wails of 
the hemispheres (septum lucidum. sp. lu.) enclose a small, laterally compressed 
cavity, the so-called fifth ventricle ox pseudocode, this is not a true brain-ventricle, 
but merely a spare between the closely-apposed hemispheres. 

The lateral ventricles of the cerebral hemispheres are much more extensively 
developed than in the brain of the Pigeon, and of somewhat complex shape. 



1 ig 4(1) Lepni cnmonliu. lun dissections of the lira in from ibrm (nat si/c) In 4 
the left parent.iphalon is disputed down to the level of the corpus callosum on Ihe right the 
lateral ventm It is exposed In ft the 1 crc bral hemispht ns in dissected to a little l)i low the level 
of the genu nf the corpus callosum onlv the frontal lube of the left hemisphere i, retained , of 
the right a portion of the tc mpnitil lube al*1 is lcit tlu \elutn int< j position and pine l 1 body are 
it loosed as well as the gmltrpail of tin body of tlic ioinix and thi \iliole of the left posteuor 
pillar, the cerebellum is removed with tlu. cur plum ot a put of its right lateial lobe a co 
interior lommissuie a fo anterior pillar 0/ fuim\ a pu inteilor peduncle» of cerebellum ; 
l fo bod\ of fotnix, rfc 1 supeimr \trmis ol 1 eicbellmn, tb* its lateral lobe < gn corpus 
gcnuulatum t h icielual hemisphere, th pi chuioirl plexus cp tl rmpu* callosum cp s 
corpus stuatuin t ts, cuipus lestiiomic f d pi dorsal pvianud, fl IUhiuIiih hp ttt hippo- 
idinpus, m to middle commissure 0 l l antenm, imlo 1 “ p istuinr lubes ol cmpora quidn 
gemma, oil ulf u tory bulb 0 th optic thalamus , 0 It nptu tiait to poslc run commissure 
p fo posterioi pillar nt fonux (tama hippocampi), pn pineal bixly pd pu peduni le of pineal 
body 1 p pn postenor peduncles oi cerebellum, p 1a hbics of puns \arulu fanning middle 
peduncles of cerebellum lu st ptum luudum s/ / ,tm longitudinal is t s Lamisenu- 
uiLubnis (nairow band of white matter betwten corpus stiiatum and opt 11 thalamus), 7 rvi 
\ alve of Vic ussens, u*, third venti 11le 4 fourth ventm le (1 rom Paiki 1 s Zootomy ) 

Each consists oi a middle portion of bodv looted ovei by the coqnis callosum, a 
narrow anterior prolongation, or anterior cornu, a posterior cornu, which runs 
backwards and inwards, and a descending cornu, which passes at first almost 
directly outwards, then downwards, and finally inwards and forwards. On 
the floor of the body of the ventricle, and (ontinued along the whole extent of 
the descending cornu, is a prominent ridge of nearly semicircular transverse 
section—the hippocampus (hp m ), tins corresponds in position with a groove. 
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the hippocampal sulcus, on the inner surface of the temporal lobe. Internally 
the two hippocampi merge in a median commissural area—the psaltsrium or 
fyra (ly.). 

Running along the anterior edge of the hippocampus is a ridge of fibres—the 
Uenia hippocampi or fimbria —which passes down into the descending cornu. 
The union of the two isenise forms a median longitudinal strand, the body of 
the fornix, which, as already explained, lies below the corpus callosum, con¬ 
tinuous with the splenium of the latter behind, but diverging from it anteriorly 
by dipping down towards the base of the brain. In the angular space between 
the corpus callosum and the fornix below is the septum lucidum with the 
" fifth ventricle." The taeniae hippocampi arc the posterior pillars of the fornix 
(Fig. 463, p.fo.) ; the anterior pillars [a. fo.) are a pair of vertical bands which 



1<ig. 464 —Ltpni ounicuhis. Longitudinal vertical section of the brain (nat sire). Letters .is 
m preceding figure, in addition —cb cerebellum, showing arbor vil*, c c crus ceiebn, c h l 
parenccphalon, c h 1 temporal lobe, c tna corpus mammillare, / m foiamen of Monro, inf 
infundibulum, h psaltenum or lyra, m. 0 medulla oblongata, 0 rh optic chiasma, olf 
olfactory bulb pty pituitary body; p. va. pom Varolu, il tp. velum mteipoaitum, v iu 
valve of Vieusscns, II, pptu. nerve (From Parker's Zootomy) 

pass from the anterior end of the body downwards to the corpus mammillare 
(see below) at the base of the diencephalon. 

Lying immediately in front of the hippocampus is a vascular membrane, the 
choroid plexus (ch. pi.) ; this passes inwards to join its fellow of the opposite 
side through a transverse passage, the foramen of Monro (f. tn.), which opens 
behind into the diacoele. The floor of the anterior cornu is formed of an emi¬ 
nence of grey matter—the corpus striatum (op. s.). The right and left corpora 
stnata are connected together by a narrow transverse band of white fibres—the 
anterior commissure (a. co.) —situated in front of the anterior pillars of the fornix. 

The diacoele (v*,) is a laterally compressed cavity, the roof of which is formed 
by a delicate vascular membrane, the velum interpositum ( vl. ip.), in which there 
is a network of blood-vessels (choroid plexus of the diacoele) continuous with the 
choroid plexuses of the lateral ventricles. From the posterior part of the roof 
of the diacoele rise the peduncles of the pineal body. The optic thalami (o. th.) 
are large masses of mixed grey and white matter forming the lateral portions 
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of the diencephalon; they are connected together by a thick mass oi grey 
matter, the middle or soft commissure («. co.), not represented in lower verte¬ 
brates, passing across the diacoele. A rounded elevation near the anterior end 
of the external surface of each thalamus is the corpus genicuhtf/w (c. gn.). 
The anterior boundary of the diacoele is a thin vertical lamina—the lamina 
terminally —of which the septum luddum is a mesial anterior prolongation. 
The floor of the diencephalon is produced downward into a mesial process, the 
tuber cinereum or infundibulum {inf), to which the pituitary body is attached. 
In front of this, on the ventral aspect of the brain, is a thick transverse band 
of nerve-fibres, the united optic tracts, from the anterior border of which the 
optic nerves are given off. Behind the tuber cinereum, and formed os a thicken- 
’ ing of its posterior wall, is a rounded elevation, the corpus manmiUare (c. ma.). 

In the mid-brain the dorsal part is remarkable for the fact that each optic 
lobe is divided into two by a transverse furrow, so lhat two pairs of lobes (0. 
oi 1 ,), the corpora quadrigemina, are produced. Between the anterior lobes 
passes the delicate posterior commissure [p. co.). On the ventral region of the 
mid-brain the crura cerebri are far more prominent than in the lower groups. 
In the hind-brain the cerebellum (Fig. 462, cb'„ cb".) is very large; it consists 
of a central lobe or vermis and two lateral lobes, divided by very numerous 
fissures or sulci into a large number of small convolutions. Each lateral lobe 
bears an irregularly-shaped prominence, the flocculus . On section (Fig. 464, 
cb.) the cerebellum exhibits a tree-like pattern {arbor vita) brought about by 
the arrangement of the white and grey matter. On the ventral aspect of the 
hind-brain a flat band of transverse fibres—the pons Varolii —connects together 
the lateral parts of the cerebellum. The cerebellum is attached to the other 
parts of the brain by three pairs of peduncles, the anterior, connecting it with 
the posterior optic lobes, the middle, passing op each side into the pons Varolii, 
and the posterior, connecting it with the dorsal portion of the medulla oblongata. 
Between the anterior peduncles extends a transverse band, the valve of Vteussens 
(Fig. 464, v. vn.), connected by its anterior edge with the corpora quadrigemina. 
Behind this is a short tract of transverse fibres--the corpus trapezoideum - -and 
behind this again is a slightly elevated area marking the position of the olivary 
body. The floor ol the fourth ventricle presents a median groove which ends 
posteriorly in a pointed depression— calamus scriptorius —leading into the 
central canal of the spinal cord. 

The Rabbit, like most other vertebrates, possesses a sympathetic nervous 
system, consisting of a series of ganglia united together by commissural nerves, 
and giving off branches to the various internal organs. Two sympathetic 
ganglia are situated on each side in the neck—the anterior and posterior cervical 
ganglia. From the anterior nerve-branches pass forwards to enter the cranial 
cavity; from the posterior a nerve-cord passes backwards to the first thoracic 
ganglion. Of the thoracic ganglia there are twelve on each side. From one of 

VOL. II. 2L 



3H 


ZOOLOGY 


the more posterior of these originates the splanchnic nerve, which passes back* 
wards into the abdomen, ending in a ganglion—the cceliuc —connected with an 
extensive nerve-plexus, the cceliac plexus . In the abdomen there are, on each 
side, twelve ganglia, the chain ending behind in a single ganglion impar. 

In the organs of special sense the following special features are to be seen 
when a comparison is made with the Pigeon or Lizard. In the eye, the sclerotic 
is composed entirely of dense fibrous tissue; the ,pccten is absent. In the 
internal ear the principal point of difference is in the special development of the 
cochlea. This part of the membranous labyrinth, instead of retaining the simple 



Fig. 405.—Lepofl onn tool M. The urinogcmtal organs; A. of male; B, of female; from 
the left sido (hall nat. size) The kidneys and proximal ends of the ureters, in A the testes, and 
m 7 ? the ovaries, Fallopian tubes and uten, are not shown, an. anus; hi. urinary bladder. 
c. o . corpus caverno&um; c . 5 corpus spongiosum ; c. gL Cowper’s gland; g. cl. apex of clitoris, 
g. p . apex of penis; p . gl. perineal gland; p . gl'. aperture of its duct on the perineal apace, ft. 
anterior, pr\ posterior, and pr”, lateral lobes of prostate; ret . rectum; r. gl. rectal gland; u. g. a. 
unnogrnital aperture; «. m. uterus masculinus; in, ureter; va. vagina ; vh. vestibule; v. d. vas 
deferens. (From Parker's Zootomy,) 


curved form which it presents in the Bird, is coiled on itself in u close spiral of 
two-and-a-half turns. The spiral channel in the substance of the bone, in which 
this cochlear spiral runs, contains three passages; the middle one, much the 
smallest, being the membranous cochlea, the uppermost the scala vestibuli, and 
the lowermost the scala tympani. 

The special features of the middle ear with its auditory ossicles, and of the 
external ear, have been already referred to (p. 497). 

Urlnogenltal Organs. —The kidneys are of somewhat compressed oval shape, 
with a notch or hilus on the inner side. They are in close contact with the dorsal 
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wall of the abdominal cavity, the nght being somewhat in advance of the left 
Jowards the hilus the tubules of the kidney conveige to open into a wide 
chamber—the pelvis— which forms the dilated commencement of the ureter 
When the kidney is cut across, its substance is seen to be divided into a central 
mass or medulla and a petipheral portion or cortex An adrenal {suprarenal) 
body lies in contact with the anterior end of each kidney The ureter (Fig 
465, to ) runs backwards to open, not into a cloaca, but directly into the 
unnary bladder {hi ). Hu latter is a pyriform sac with muscular walls which 
vary in thickness according as the organ is dilated or contracted In the male 
the openings of the ureters arc situated nearer the posterior narrower end or 
neck than m the female 

In the male Rabbit the testes 
are oval bodies, which, though in 
the young animal occupying a 
similar position to that whuli 
tluv retain throughout life in the 
Pigeon, pass backwards and dou n 
wards as tbc animal approaches 
matuuty, until they come to lie 
each in a si total >ac situated at the 
side of the unnogemtal opening 
rhe cavity of each scrotal sac is 
in fiei communication with the 
cavity of the abdomen bv an 
opening —the 1 tigui nal 1 atial I in* 
sperms have an o\al compressed 
' head ” 0 005 mm in length 
and a slender * t ill * 0 04s mm 
long A convoluted epididymis, 
closely adherent to the testi-., 
forms the pioximal pait of the vas dejirens lhe rasa deferentia (v d) 
terminate by opening into a unnogemtal canal, or loethra, into which the neck 
of the unnary bladder is continued A piostate gland (pi) surrounds the com¬ 
mencement of the uicthia, the nec k of the bl idder, and the termmdl pait of the 
vasa defeientia A diveiticulum of the urethra the uterus masi uhnus (u m) - 
lies embedded in the prostate gland close to the neck of the bladder A small 
pair of ovoid glands, ( o*vpn s glands (c gl ), lie just behind the prostate close 
to the side of the urethia 

The terminal part of the urethra traverses a cord of vascular tissue, the 
corpus spongiosum (c s), which forms the dorsal portion of the penis lhe 
greater part of the penis is formed of two closely approximated firm cores ot 
vascular tissue—the corpora cavernosa (c c), which are attached proximally 



Iig afr i> Lepns cnniculuf. the antcnoi end 
of tlu \ igma, w ith tht right uterus 1* lllopian tube 
ind nvarj (nit sizt) Part of tlu ventral wall of 
the vigina is rerunsi d ind the pioximal end of the 
left uteris is sliowu in longitudinal section ft t 
iallopun tube fl i its pentoneal aperture 
/ ut (eft uterus l ut left os uteri oi light ovai) 
r ut nght utPTiis r ut right ns uteri t vagin il 
septum ia \agim (I rnin i’aiker’s 7 ootom\ ) 
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to the ischia, and terminate in a pointed apex (g. p.). A loose fold of skin, the 
prepuce, encloses the penis. A pair ol glands with an odorous secretion, 
the perineal glands [p. gl .), open on the perineal space at the base of 
the penis: two similar glands, the rectal glands (r. gl.), lie on either side of the 
rectum. 

In the female the ovaries (Fig. 466 ov.) arc small ovoid bodies attached to 
the dorsal wall of the abdomen behind the kidneys. The Graafian follicles 
enclosing the ova form only very small rounded projections on their outer 

surface. 

The oviducts in the anterior part of 
their extent ( Fallopian tubes, fl. t.) are 
very narrow and slightly convoluted. 
They open into the abdominal cavity 
by wide funnel-shaped openings (fl. t' ) 
with fimbriated or fringed margins. 
Posteriorly each passes into a thick- 
walled uterus (r. ut.). The two uteri 
open separately into a median tube, the 
vagina (va) The vestibule (big 465 B, 
i'b.), or unnogemtal canal, is a wide 
median passage, into which the vagina 
i and the bladder open. On its ventral 

Ho. 467-Diagrammatic long.1ud.nal wall is a smaU, hard, rod-hke lx>dy, the 

section of a liabbit s embryo at an advanced clitoris ((. C.), with a pointed apex 
of piegnancv a ammou a stalk of , , v , 

allantois, al allantois with blood-vessels, (£• )* corresponding 1o the penis oi 

' embryo, ds cav.tvof yoik-sac (umbilical the male, and composed of two very 
vesicle); cd. endodeimal layer of j oik sac, J 

cd‘. inner portion of radodenn, rd" outer short corpora cavernosa attached anteri- 

"rty lo the Ischia, and invited internally 

volksac, pi placental villi, r spacefilled by a soft, grooved COfhuS SponglOSUtn. 
with fluid between the amnion, the dlUntuis , r , y , . . - 

and tin j olk-sac, sh sub/onal membrine -I he VUlVd , OF external Opening 01 the 

« „ Mn,,s tcr ?' ,n «*b s < 1,rom i'osier and vestibule, is bounded laterally by two 

ltllfour, afle. lbs« hoif ) ’ J J 

prominent folds— the labia inajora. 

Development.—The Kabbit is viviparous. The ovum, which is of relatively 
small size, after it has escaped from its Graafian follicle, passes into the Fallopian 
tube, where it becomes fertilised, and then reaches the uterus, in which it 
develops into the foetus, as the intra-uterine embryo is termed. The young 
animal escapes from the uterus in a condition in which all the parts have become 
fully formed, except that the eyelids are closed and the hairy covering is not 
yet completed. As many as eight or ten young arc pioduced at a birth, and the 
period of gestation, t.e., the time elapsing between the fertilisation of the ovum 
and the birth of the young animal, is thirty days. Fresh broods may be bom 
once a month throughout a considerable part of the year, and as the young 
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Rabbit may begin breeding at the age of three months, the rate of increase is 
very rapid. 

The segmentation is of the holoblastic type. An amnion and an allantois 
are developed much as in the case of the Bird (p. 483). But the later history 
of these foetal membranes is widely different in the Rabbit, owing to the modifi¬ 
cations which they undergo, in order to take part of the formation of the 
placenta—the structure by whose instrumentality the foetus receives its nourish¬ 
ment from the walls of the uterus. The placenta is formed from the serous 
membrane or chorion —the outer layer of the amniotic folds—in a limited disc¬ 
shaped area, in which the distal portion of the allantois coalesces with it (Fig. 
467). The membrane thus formed develops vascular process—the chorionic 
villi —which arc received into depressions (the uterine crypts) in the mucous 
membrane of the uterus. The completed placenta with its villi is supplied 
with blood by the allantoic vessels. The placenta of the Rabbit is of the type 
termed deciduate, the villi of the placenta being intimately united with the 
uterine mucous membrane, and a part of the latter coming away with it at 
birth in form of a decidua, or after-birth. 

Systematic Position oj the Example, 

The genus Lepus, to which the common Rabbit belongs, comprises a number 
of other species, the common Hare being among the number, distinguished from 
one another by slight differences in the proportions of the parts and in other 
general features. Lepus is the only genus of the family Leporidte, which is 
associated with the family Lagomyida or Picas under the designation Dupiici- 
deniaia, owing to the presence in these two families, and in these two alone of 
the entire order Rodentia to wliicli they belong, of a second pair of incisor^ in 
the upper jaw. The chief distinctive features of the family Leporidae are the 
elongated hind-limbs, the short recurved tail, the long ears, and the incomplete 
clavicles. 


CLASSIFICATION OF THE MAMMALIA 

Sub-classes 1 I. AUotheria (Multituberculata.) 

II. Triconodonta. 

III. Symmctrodonta. 

IV Pantotheria. 

V. Prototheria (Monotremata). 

VI. Metatheria (Marsupialia. • Didelphia). 

VII. Eutheria (Placentalia. Monodelphia). 

1 The vrond, thud, and fourth sub-cla&ses are still uncertain as to their true rank. The 
Pantotherid, and perhaps the Symmctrodonta, are rather nearer the Metatheria and Euthena, 
and might dll be grouped togelhet as a class, the Theiia. 



PERMIAN TRIASSIC uURASSlC fcflETACEOJSPALAEOCENE EOCENE OLIGOCENE MIOCENE PLIOCENE |PLEWTOCE*c| RECENT 



Fig 46^ —1 he appearance *n tnre and probable relationship oi the mammalian sub classes and orders 
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Sob-elm Allotheria (Multltuberculata). 

Of the beginnings of mammalian history very little is known During the 
whole of the Tnassic period there was an expansion of the manunal-hke Reptiles, 
the Cynodontu (p. 384), with their foreshadowing of seveial mammalian 
characters and, although no absolutely tiansitional specimens have as yet been 
discovered, it must have been fiom this stock that the Mammals evolved. 

fhere was an expansion of Mammals, all of rather small size, during the 



biG 4O1) Tritylodon longmu. A l’alatal view D Dorsil view C \nterun view 
I) Kight literal view 1 Hypothetical rcconstiuction ol tlio entire dorsal surface 
anterior \n\ ilil forimen It frontal, 11 ltifi a orbital foramen la lachiymi] 11 Jack 
rymilfoi imen M\ maxilU Ac/ nasal, Nar ontcnoi nires AS nas ll septum Pal piKtine 
Pun prcmiMlIi Sum srptomasilli VI vascul it foumen (\ftcr Simpson) 

Me so70iL penods, ol which only a ftw fragmentary specimens have been found 
in a few localities scatteied ovei a great interval of geological time (sec Fig 
468 ) 1 

The earliest animal accepted as a Mammal is the elassic specimen, a frag- 

1 When it is redtoed that Mi so/uu Mammals have been found in no more than a dozen locahtu 8 
in the whole world and then with i ftw very rare skulls and parts of limbs as mere fragments oft 
jaws or teeth and moreovei, that between the few formations in which these fragments occur 
there are scries of deposits representing great sti etches of time in which no remuns occur it 
becomes deal that nur knowledge of cirly mammalian liie is strictly limited box an acfount 
of the Mesozoic Mammals w G G Simpson (nos i09 v no, 111) m Appendix on I iterative 
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mentary skull from the Upper Triassic (Stormberg beds) of South Africa 
corresponding to the Rhsetic beds in age, known as Trifylodon lottgavus. All 

that can be said of this specimen 
^L " (Fig. 489) is that it shows definitely 

\\ mammalian characters in having 

/ "i .life Ilk typically mammalian infra-orbital 

f fa W and lachrymal foramina, in the 

division of roots of the molar 
v , teeth, in having presumably a 

' squamosal-dentary articulation of 

G/BPfy'J \ the jaws as shown by the way in 

tkj »- ) which the teeth are worn and by 

'vS^T . 1/ the absence of such reptilian bones 

- as p re . an( j post-frontals. 

_ From the pattern of the molar 

teeth, with their three rows of 
tubercles, Trifylodon is placed in 
the sub-class Multituberculata, 
but, from differences in their shape 
and from some other characters, 
it is made the representative of a 
separate order, the Tntylodon- 
toidea. 

Of the remaining Multituber- 

_eulates, w hich form a second order, 

the Plagiaulacoidca, more is known 

n S~~~ NJPy// | This order had an enormously long 

J\ [ VfHttLj period of existence iroin its fiist 

BL appearance in the Upper Jurassic 

Affs ~ ; period until the beginnmg of the 

JK -P - - _ ( Tertiary period, when the group 

., * —V - \ \ finally became extinct. The most 

noticeable character, and the one 

]f yWNr \ from which the name of the sub- 

\*A._ ) class is taken, is the structure of 

s the molar teeth. These have from 

— 1 two to three longitudinal rows of 

Fig 470 - Tmiiolataa. Lateral and paUUi tubercles with from two to five, or 
view of skull llie lower and upper (the lowei of . , r , 

the two iiguri s) molars (\ftcr bunpson ) more, CUSpS ill C£LCI 1 TOW. i fletC is 

but a single lower incisor and 
three upper, of which the central one becomes much enlarged Canines are 
entirely absent. In more advance forms the anterior lower cheek-teeth become 
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Fig 470 — TmioUbll. Lateral and paUUi 
view of skull Ike lower and upper (Ihe lowci of 
the two hgim s) molars (\fter bunpson ) 
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much enlarged and very specialised, in a manner analogous to that of some 
living Marsupials, such as the " Rat kangaroo," Bettongia. The zygomatic arch 
arises far forward at the level of the anterior cheek-teeth, and extends back 
almost to the occiput. The lower jaw is stout, but has no angular process, 
a character held in common with the Triconodonta and Symmetrodonta. 

The Multituberculata seem to have held a position analogous to that of the 
Rodcntia of the present time. 

Representative genera are Plagiaulax, Bolodon, Taniolabis (Fig. 470), 
Neoplngiaulax, Ptilodus, Ctenacodon (Fig. 471), etc. 

Sub-class Triconodonta. 

Except for doubtful specimens in the Upper Triassic (Rhsetic) beds, these 
small Mammals occur first in the Middle Jurassic (Slonesfield beds) of England 
and again at the top of the Jurassic in England (Purbcck buds) and North 



Fig 171.- Ctenacodon. (Aftre Simpson) 


America (Morrison beds). The period ot tliis group therefore appears to have 
been comparatively short. 

Little is known beyond the dentition. There were three or four incisors in 
each jaw, well-developed canines, four prcmolars, and up to five molars. The 
pattern of the molars is distinctive. There wire three cusps arranged in an 
antero-posterior line; the central cusp in earlier forms was larger than the 
other two, but in later forms the three cusps became subcqual. 

Representative genera are Atnphilesics, Triconodon (Fig. 472), Phas- 
colotherium, Trioracodon, etc. 

Sub-class Symmetrodonta. 

This sub-class appears to have been confined to the Upper Jurassic period, 
and to have had an even shorter extension in time. The teeth are characteristic 
in being triangular, with one larger cusp and two smaller ones. In the lower 
molars the base of the triangle is on the inner or lingual side, and the large 
cusp is placed at the apex of the triangle on the outer, or labial, side. The 
upper molars are the reverse of this. The lower jaw is without an angular 
process, 
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Representative genera are Spalacotherium (l'ig 472), Peralestes, etc 

Sub-elan Pantotherla. 

While the preceding two sub-classes seem to have had no very close con¬ 
nection with one another, nor to have left any successors after the end of the 
Jurassic period, the Pantotheria are quite possibly related, if only distantly, to 



Aitiphitherium 

1<ji. f72 —I ower jaws of Tnoonodon (I ntonudoiiU), SpalAcothenniik uunetiodontri), 
FhinoMa and AmphitWinm (J^intothemj (AftLr Simpson ) 

the stock which gave rise some time during the Cretaceous period to the 
Metatheria and Eutheria. There is at least no known character m members of 
the group which makes this view untenable. Like the preceding two sub¬ 
classes, the Pantothena themselves seem confined to the upper part of the 
Jurassic. 

The dental formula shows a large number of teeth. There are four incisors, 
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a canine which may be bifanged, four premolars, and at many as eight molars. 
The lower molars are triangular, with one principal labial cusp and two smaller 
lingual ones. Small additional cusps may be present. The lower molars also 
show a posterior prolongation of the tooth, a foreshadowing of the trituberculo- 
scctorial type of later mammals. The upper molars are plain triangles with one 
principal lingual and two or three smaller labial ones. The contour of the lower 
jaw is not unlike that of a primitive Insectivore with a high coronoid and a 
well-marked angular process. 

Representative genera are Amblotherium, Pcraspalax, Peramus, Phas- 
colestes (Fig. 472), Amphitherinm (Fig. 47a). etc. 

Sub-elam Prototheria (Monotremata). 

Although the past history of this group is practically unknown, a study of 
the anatomy of its living representatives is enough to suggest that it is one of the 
greatest antiquity. While the two families of the group, the Omithorhyn- 
chidsc and Tachyglossidae, differ somewhat widely from one another in appear¬ 
ance and in some minor anatomical characters, all of which can be explained 
as adaptations to different modes of life, they are, on the other hand, bound 
together as a single sub-class by the possession in common of many deep- 
seated characters which are found in no other mammals. 

While the essential mammalian character:, such as hair, diaphragm, four 
optic lobes to the brain, and so on, are all present, there are nevertheless some 
features which indicate a wide deft between the Prototheria and all other 
mammals. The facts that eggs arc laid and that there is no uterin e gestation are 
pre-mammalian features, as is the .structure of the urogenital organ s^ which are 
still in the reptilian condition (p. 375). In the skeleton the shoulder-girdle not 
only has the pre-coracoids well developed, which in other mammals become 
reduced to vestiges, but also retains an interclavicle. Milk is produced, but 
the mammary glands are unspecialiscd, arc without nipples, and the marsupial 
pouch is temporary (Figs. 593, 594). The vertebra: are without epiphyses 
except in the tail region of Ornithorhynchus, and tlic position of the exit of the 
spinal nerves in the middle of the vertebra, instead of between adjacent vertebras, 
is peculiar. The cervical vertebrae bear nbs. In the hindleg the proximal end 
of the fibula is prolonged in a maimer analogous to the olecranon process of the 
ulna, and in the male there is a hollow tarsal spur which is connected with a 
small crural gland, the secretion of which appears to be poisonous 

The skull, though very different in shape in the two families (Figs. 477- 
478)1 is in each made up in the same general way. The chondrocranium is 
typically mammalian , but differs from other mammals in some respects, such as 
the absence of an alisphenoid bone and the presence of u bone in addition to the 
usual m ammalian pterygoid known as the " Echidna pterygoid.” This bone 
is to be homologiscd with the epipterygoid of reptiles. 
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The differences in the shape of the skull and body, and many of the external 
features shown by the two families, are the result of their different environment 
and habits. 

Omiihorhynchus anatinus (Fig. 473), the " Duckbilled Platypus,” is the sole 
species of the genus Omiihorhynchus and family Omitlior- 
hynchidae. Its distribution is in Eastern Australia and 
Tasmania, where it lives in the pools of rivers and creeks, in 
the banks of which it makes its burrows and nest. am/ 

The body is flattened and covered with a close, soft fur. 

The upper jaw is produced into a depressed muzzle, not unlike 
the beak of a duck, a feature that provided the specific name. 

This beak is covered by a smooth, hairless integument, which 
forms a free fold or flap at the base. The eyes are very 



Fig. 473.— Dock-Bill (Orntthorhyiichus anatinus). (After Vogt and Specht.) 

small, and rather close together on the top of the head. The 
openings of the external ear, likewise small, lie just behind the 
eyes, and lack the ear-flap or pinna. The forelegs are short 
but powerful, and the five digits end in strong claws which are 
set in a web which joins them together and then projects below 
and beyond the nails. This flap can be folded back at will, 
so that the limb can be used either for digging or swimming. 
The hind limb is less specialised. The tail is elongated, 
depressed, and is a powerful swimming-organ, which some¬ 
what resembles that of the Beaver. 

The teeth are most peculiar (Fig. 474) I n the young stages 
calcified teeth are formed in each half of the upper and lower 



Fig. 474.— 
Crown views of 
A, upper and IS. 
lower teeth of 
On&Uhorhpixohui. 
(From Green after 
Simpson) 


jaws. They are very brittle, clearly degenerate, and are soon shed and replaced 
by under-lying homy plates, in depressions of which the teeth were originally 
set. In structure the teeth show some rather irregular tubercles arranged in a 
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pattern that has given nsc to a view that the Prototheria are descended 
from, or distantly related to, the Multituberculata, a view that cannot strongly 
be upheld on this evidence. 

The dental formula is peruliar (Fig 475) There appear to be no upper 
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no 475 - l)c nidi formula of Onuthorhynchiv. The absent c of upper inusois and ilie present e 
of in upper And lower replacing tooth should be noticed 1— t lower incisors / lower canine 
g ? second canine, i w piemoUrs, d\ uplacing tooth \ y * molars (MUiGutn) 

incisors formed, but there are hvc in the lower jaw. A canine is present in both 
jaws Ihe lowei canine is followed by a problematic calcification which it is 
suggested is a set owl canine. 1 lie rest of the series consists of two premolars, 
of which the autenor is replaced and three molars in both jaws Ihese teeth 
are not present together at any one tune, and most of them are non-funrtional 



tit, 176 -Spiny Ant-eater (7 adnglossus acuUata) (After Vogt and Sp«:ht) 

and abort as mere calcifications At eleven weeks old there remain only two 
teeth in the upper and three in the lower jaw. 1 

The Tachyglossid* (Echidnidari (Fig 476) are represented by two closely 
allied genera Zaglosstis, confined to New Guinea and 7 achyglossus [Echidna) 

1 Sec II 1 H H C.reen " I he Development and Moiphology of ttae Teeth of Ormthorkynckiu," 
l rant Royal Soc, 1937 
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aculeate, which ranges from New Guinea to Tasmania. These animals are 
land-living, nocturnal, insect-eating, and capable burrowers. The body is 
covered above with strong pointed spines, between which are coarse hairs. 
The lower surface of the body has hair only. The jaws are produced into a 
pointed rostrum and are correspondingly weak, as teeth are absent and the 
food consists of insects. Like Ornithorhynchus, the eyes are small and the 
ears without a pinna. The tail is vestigial. The limbs are short and the feet 
provided with strong daws. 

The Prototheria are represented at the present time by only three spedes 
and, unfortunately, nothing is known of the past history of the group. They 
have some characters undoubtedly reptilian, and some which appear to be 
peculiar to both sections of the group, which proves that they have had a 
common origin. The differences sufficient to warrant the formation of the two 
separate families are adaptive, and due to the wry different environments of 
water and land life. 

Skeleton of Prototheria.- In the Prototheria (Fig. 477) the epiphyses of the 
vertebrae are not well developed in Ornithorhynchus, being represented only in 
the caudal region, and they appear to be absent in Tachyglossus. In both genera 
there is the normal number of vertebrae in the cervical region. The odontoid 
process long remains separate from the centrum of the axis The cervical 
transverse processes are separately ossified, and only completely unite with the 
vertebra at a late period, sutures being traceable in all but very old animals 
Zygapophyses are absent in the cervical region. There are nineteen thoraco¬ 
lumbar veitcbra in both genera. Ihe tiansverse processes are short, and the 
ribs do not articulate with them, but only with the sides of the centra. In the 
sacrum of Tachyglossus there arc three or four, in that of Ornithorhynchus two, 
united vertebra. The caudal region dilfeis considerably in its development m 
the two genera In Tachyglossus the tail is very short, the vertebra depressed, 
with no inferior spines, but with about five subvertebnil bone*., which differ 
from ordinary chevron bones in being mere flat nodules. I n Ornithorhynchus the 
tail is long, and the numbei of caudal vertebra: is twenty or twenty-one. Each 
has a distinct inferior spinous process (itifr. pi oc .). The sternum consists of a pre- 
sternum and three keeled sternebra: in Tachyglossus but not in Ornithorhynchus 
there is a xipliistemum. The most remarkable feature of the sternal apparatus 
in the Prototheria is the presence of a T-shajied episternum (interclavicle, epist.) 
corresponding to that of reptiles. The sternal ribs aic ossified, and are 
connected with the vertebral ribs by imperfectly ossified intermediate ribs 
(ini. rbs.). 

The skull of the Munolremes differs widely from that of other Mammals. 
The bones early become fused together, so that it is difficult to trace their 
exact boundaries. 7 he brain-case is larger and more rounded in Tachyglossus 
than in the Ornithorhynchus, in accordance with the larger size of the brain in the 




1 JG 477 Skeleton of male Omithorhynchns. \ entral view Hie right loie limb has t»een 
separated and turned round so as to bring into view tlie doisil surfcai» of the manus the lower 
jaw is removed an tars accessory tarsal bone supporting the spur ant pal for anterior 
palatine foramen all atlas asl astragalus f ax axis 6s or hasi uccipilal, bs sph batu 
sphenoid calc lalcaneum cbd cuboid env rb ceivical rib clax cla\ulc *ond /or foramen 
above inner condyle of humeius , tor coracoid , cun cuneiform of < arpus dent position of homy 
teeth, ect cun ecto cuneiform rut cun ento cuneifoim ep tor epicoracoid epist episternum 
t?p. bb cpipubis, fb fibula, Jim femur, for mag foramen magnum, gten glenoid cavity 
of snouldoi joint and glenoid cavity for mandible hum humerus, m cond inner condyle 
of humerus inf oih for points to position of infra orbital foramen, mfr inroc inferior prm esses 
of caudal vertebra* int rbs intermediate nbs, tsch ischium, mag magnum of caipus, max 
maxilla max Jar maxillaiy foramen metat l , fust metatarsal, metat. V, fifth metatarsal 
nos cart, nasal cartilage, obi obturatoi foramen; of. olecranon, out, cond oulei condyle of 
humerus; pal palatine, pal, patella, post pal for posterior palatine foramen; pr max 
pmmaxdla; pr. sU prosternum; fter. pterygoid; pub. pubis; rod. radius, soap, scapula; 
acaph. scaphoid of tarsus; scaph tun scapho-lunar; sas. sesamoid bones of wrist and aalde; 
sp. tarsal homy spur, sq. squamosal ; hb. tibia; trd. trapesoid; km. trapezium; tym. t. tympanic 
cavity; uln ulna; unc unciform, vom, vomer, x, dumb-bell shaped bone, xyg. zygomatic 
arch; J—K, digits of manus. 
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former genus. In both genera there is a pterygoid (investing) bone not separately 
represented in higher mammals, corresponding to the pterygoid of lower Verte¬ 
brates. The parasphenoid represents the lateral parts of the parasplienaid of 
lower Vertebrates and the inner lamella of the pterygoid process (usually 
regar ded as the pterygoid) of higher mammals. Perforating the posterior root 
of the zygomatic arch is a canal, comparatively wide in the full-grown Omithor- 
hynchus, narrow in Tachyglossus— the temporal canal —which is not present in 
higher Ma mmals , and apparently represents the post-temporal fossa of reptiles. 

In Tachyglossus (Fig. 478) the squamosal extends farther forwards and 
the posterior root of the zygomatic arch is more anterior than in mammals in 
general. The zygoma is very narrow, and there is no rudiment of post-orbital 
processes: the jugal is absent as a separate ossification. The alveolar border 
of the maxilla (max.) is narrow and devoid of teeth. The nasal and premaxillary 
re gio n of the skull is drawn out into a long, narrow rostrum. Near the anterior 
end of this is a rounded opening, the external nasal opening, which 
is entirely bounded by the premaxillae—the nasals not extending so far 
forwards. An aperture in the nasal septum corresponds to an actual 
perforation by which the nasal cavities are in direct communication in the 
living animal. The pterygoids (pt.) are in the form ot flat plates continuous with 
the bony palate; they extend back so as to form a part of the walls of the 
tympanic cavities. The tympanic (ly.) is an imperfect ring which does not 
become united with the periotic. The mandible consists of very narrow' 
stylifonn rami, which are not firmly united at the symphysis. The condyle 
(cond.) is narrow, rather more elongated antero-posteriorly than transversely. 
There are very slight rudiments of the angle and of the coronoid process (cor.). 

In the Omithorhynchus (Fig. 477) the zygoma is stouter than in Tachyglossus, 
and there is a post-orbital process which is formed by the jugal. The maxillary 
root of the zygoma develops a process which supports the horny tooth (dent.) 
ot the upper jaw. The nasal and premaxillary is expanded into a rostrum which 
is much broader than in Tachyglossus. The premaxillse (pr.max.) diverge 
from one another anteriorly, and then curve inwards again, partly enclosing a 
large space in which the nostrils are situated, and which is covered over in the 
recent state by the tough hut sensitive hairless integument investing the 
cartilage of the rostrum, the latter being continuous with the nasal septum. In 
this space between the premaxillae is situated a dumb-bell-shaped bone (x.) 
which appears to arise from processes of the piemaxilla. The pterygoid (pter.) 
is much smaller than in Tachyglossus, and docs not extend as far back as the 
tympanic cavity. The mandible has its rami stouter than in Tachyglossus; 
they meet for a short distance anteriorly, and then again diverge slightly. 
The condyle is much larger than in Tachyglossus, and is elongated transversely. 
In front of it is a broad process bearing the horny tooth. 

It is in the shoulder-girdle that we find perhaps the most striking peculiarities 
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of the skeleton of the Prototheria. There is a T-sliapcd episternum ( epist .), 
as already stated, similar to that of Reptiles, the median limb articulating 
behind with the prestemum and the cross-piece closely applied to the clavicles. 
There are two short and broad coracoids (cor.) articulating internally and behind 
with the presternum, and, externally, uniting with the scapula to form the 



Fig 478 — TaohyglOMSUl acnle&il' Wnlr.il view of skull and right ramus of mandible ang. 
angle of mandible p auU. cm auditory ossicles, cond. comlvle of mandible; cor . coronoid 
process, max. maxilla, oc. cond, occipital condyle; pal palatine; p max. premaxilla; pt. 
pterygoid; sq squamosal; ty tvmpamc ring. % 

glenoid cavity. In front of the coraroid is a flat plate, the epicoracoid (ep. 
cor.). The scapula (Fig. 479) is very unlike that of other Mammals. There 
is a well-develojied acromion process (air.) with which tlie divide articulates; 
this terminates the anterior border, so that the latter would appear to corres¬ 
pond to the spine of the scapula of other Mammals: this is confirmed by the 
arrangement of the scapular muscles. Hie anterior part of the inner surface is 
in reality the pre-spinous fossa; the anterior portion of the outer surface the 
post-spinous fossa; and the part behind this, separated from it by a slight 
VOL. 11. 2 M 
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ridge, together with the posterior portion of the inner surface, is the sub- 
scapular fossa. 

The humerus is of remarkable shape, with greatly expanded extremities— 
especially in Tachyglossus— and prominent tuberosities and condyles. In the 
carpus the scaphoid and lunar are united; there is no separate centrale. There 
are a radial and two vny large palmar sesamoids, which are sometimes 
united. 

In the pelvis there is a very long symphysis in which pubes and iscbia take 
au almost equal share. The acetabulum is perforated in Tachyglossus. With 
the anterior border of the pubes are articulated a pair of large epipubic or 
" marsupial" bones (Fig. 477, ep. pb). The femur has expanded extremities 
with prominent external and internal trochanters. There 
is a large ossified patella {pat). The fibula {fb.) has at 
its proximal end a remarkable compressed process which 
ossifies from a separate centre, and resembles the olecranon 
of the ulna. In the tarsus there are the usual bones. In 
the Omithorhynchus the astragalus and calcancum an* 
firmly united, and an accessory ossification (acc. tars.) 
on the inner side in the male bears the tarsal spur. The 
metatarsals are short and brood, as an* all the phalanges 
except the last. 

Sub-class Metatherla (Marsupialia or Didelphia). 

This sub-class comprises Mammals in which the 
joung arc born in a rudimentary condition and are 
often, though not always, sheltered during tlicir Later 
development in an integumentary pouch, the marsupium. 
A common sphincter-muscle surrounds the anal and 
urogenital apertures. The vaginae are distinct, and each has a separate 
opening into the urogenital canal (Fig. 648). In both sexes the ureters pass 
between the genital duels, whereas in the Flaccntals they pass outside the 
ducts. A placenta is almost always absent, and in the rare instances in 
which it occurs, as in the Feramelida?, it is simple in structure and functions 
for only a short period. The brain lacks a corpus callosum. 

In the skull the tympanic chamber is often open, so that the tympanic ring 
is clearly visible, a primitive feature slured with some Flaccntals. There is, 
however, a number of forms in which the tympanic chamber is covered and the 
ring is hidden. When this occurs, the cover is always formed by the ali- 
sphenoid bone, and not by an extension of the tympanic itself or by a mixture 
of bones, as occurs in various Flaccntals. The optic foramina are confluent from 
side to side, and the internal carotid artery enters the skull through a foramen in 
the basi-sphenoid, ancl not through the foramen lacerum medium. The jugal 



an. process correspond¬ 
ing to acromion; glen. 
glenoid articular sur¬ 
face; anterior bol¬ 
der, c nrrcsponding to 
tlu> spine; x, slight 
ridge w Inch bounds the 
surface of origin of the 
sub-si apularis muscle 
'intenoily. 
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bone extends far back, so as to take a share in the glenoid cavity for the arti¬ 
culation d the lower jaw, a feature universal in the sub-class, but one which 
occurs sporadically In the Placental? (e.g., Hyrax and many Rodents). An 
inward inflection of the ventral posterior border of the lower jaw, the " inflected 
angle," is practically a diagnostic feature, since it is found nowhere else except 
in a few Rodents. It occurs in all Marsupials with the sole exception of the 
degenerate, thread-like jaw of Tarsipes. The seventh cervical vertebra in a 
large number of instances is pierced by a foramen for the vertebral artery, but 
this is also a feature found occasionally in Placentals (some Rodents, Hyrax, 
Hippopotamus, etc.). Well-developed epipubic bones are frequently, but not 
always, present. 

The dentition is peculiar, in that there is only one set of teeth functional 
throughout life, with the exception that one tooth, winch is considered to be a 
milk-molar, is replaced by the last premolar. The pattern of the molar teeth 
varies according to function in much the same general directions as in the 
Placentals. Carnivorous, rodent, insectivorous, and heibivorous adaptations 
arc all found. 

While there is almost no absolutely constant diflerencc between Marsupials 
and Placentals, the Marsupials in general may be said to be at a somewhat 
lower grade of organisation than the Placentals. They retain and share a 
number of primitive characters with the more primitive Placentals, such as 
many of the Tnsectivora, as, for example, the small brain, which occupies but 
a comparatively small portion of the skull. The olfactory part of the brain is 
proportionally large; the palate is deficient in ossification; an entepicondylar 
foramen is very frequently present in the humerus. 

Metathcria were widely distributed over many parts of the world during 
the Eocene period, but are now confined to the Australasian region (with the 
exception of New Zealand), to South America, where during the Tertiary period 
they had a wide expansion and, for a few species, to North America. The 
earliest known forms arc from the Cretaceous of Canada. 

The usual method of classification is based on the dentition, whereby two 
groups are recognised: the Polyprotodontia, with more than three incisors in 
each half ol the upper jaw, and the Diprotodontia, with never more than three 
incisors above and one pair in the lower jaws. Another method of classifi¬ 
cation, and in some ways a truer oue, is based on certain peculiarities in the 
foot-structure. Some Marsupials have the second and third toes of the hind 
foot united by a common sheath, while others have the toes all separate. 
11 ie.se conditions are known as syndactyly and didaclyly, respectively. Most 
Polyprotodonts are diduct ylous and all Diprotodonts are syndactylous, but 
one scries, the Perameliclx (“ Bandicoots "), arc polyprotodont and syndacty¬ 
lous, and this fact prevents the use of the dentition as a diagnostic character. 

If the primitive condition be presumed to be polyprotodont and didactylous, 
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it would appear that this stock evolved along two lines, of which one, Didactyla, 
retained the simple foot-structure, and the other, the Syndactyla, acquired the 
modification of the second and third toes. This second line underwent a further 
division in that some—in fact, the great majority—reduced the number of 
incisors and became diprotodont, while the Peramelidae, although becoming 
syndactylous, remained conservative as to their polyprotodont teeth. 

A tabular classification may, on these lines, be drawn up as follows but 
being based on a single unit character, must be considered as a working 
classification for living forms only. 1 

Sub-order Didactyla. 

Insectivorous or carnivorous animals. 

The pouch may be rudimentary or absent, when present the 
opening is ventrally or caudally directed. 

Families Didelphidau, the " Opossums ” of America— 

e.g,, Marmora ; Didelphys (Fig. 480) / Peramys ; ( hiro- 
nectes, etc. 

DasyuridcC. All Australasian— 
e.g., Dasyurus (Native " Cats ’’), (Fig. 481) ; Sarcophilus 
(the " Tasmanian Devil "); Phascogak / Sminthopsis 
(Marsupial “Mice"J ; Antechinomys (Jerboa “Mice”); 
Thylacinus (the Marsupial " Wolf "); Myrmecobt ns 
(the Banded " Ant-eater ”), etc. 

Notoryctida.— 

Sotorycirs (Fig. 482) (tlie “ Marsupial Mole''). 
Caenolestidae, South America— 

Au aberrant form with a polyprotodont upper dentition 
and the median pair of the five lower incisors enlarged. 
Camolestcb. 

Sub-order Syndactyla. 

Section Polyprotodonta. 

Omnivorous. The marsupium opens downwards. 

Family Peramelidae (the Bandicoots of Australia) — 
e.g., Peramclcs; Thylacomys; Choeropus. 

Section Diprotodontia. 

Herbivorous. Well-developed pouch opening forwards. The 
most completely specialised Marsupials. 

Families Phalangerida:— 

e.g., Phalanger ; Tarsipes; Phascolarctos (Fig. 48J 
(Native “ Bear ’’); PhascoUmys (Fig. 484) (Wombat); 
1 See F. Wood Jones (no. 98 ip Appendix on Literature). 
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Petaurus ; Atrobales (Flying “ Squirrels *’); Pseudo- 
chirus (Ring-tailed Ojiosgum), and other genera. 

Macropodidse— 

e.g., Macropus (Fig. 485); Dendrolagus ; and other genera 
(the Kangaroos, Wallabies, etc.). 

The first Marsupials are found in 
the Upper Cretaceous—i.e„ Eoddphis 
culkri of Canada. Peratherium is a 
genus of small animals found in both 
Europe and America from the Eocene 
to the Miocene, which hardly differ (as 
far as can be told tram fragments) 
from living small Didelphids. Dipro- 
todon (Fig. 487), Nototherium (Fig. 

488), Thylacoleo (Fig. 489), are large 
diprotodonts of the Australian Pleisto¬ 
cene. 

Various species have been described 
from tertiary dcjjosits both of Europe 
and the Americas, but, on the whole, 
the past history of the Mctatheria is 
not well known. 

The Opossums ( Didelpliyidtc , Fig. 480) are arboreal rat-like Marsupials, 
with elongated naked muzzle, with well-developed, though nailless, opposable 
hallux, and elongated prehensile tail. A marsupium is sometimes present, but 



Fiu. 460.—'Virginian Opoaram (DtAtlphyt 
itrgtmana). (Alter Vogt and Spi'iht.) 



Fir |&i.—D saynn [Dasyttrus virerrinut). (Aflei Vogt and -pccht.) 

is absent or incomplete in the majority. One species—the Water Opossum— 
has the toes webbed. The Dasyuridae (Australian Native Cats, Tasmanian 
Devil, Thylacine, etc.) often have the pollex rudimentary, the foot four-toed, 
the hallux, when present, small and clawless, and the tail non-prebcnsile. 
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There is a well-deyeloped marsopium. The Native Cats {figs. 481j and theit 
near allies axe cat-dike animals* the latest equal in size to a domestic Cat, some 
no larger than Rats or Mice; the Tasmanian Devil has a more thickset body; 
the Thyiadne has a remarkable resemblance in general shape, as well as size, 
to a Wolf. The Banded Ant-eater (MyrmecoMus) is devoid of the marsupium 



Fig. 482.— ^HtnapU Mole (Notoryctes typhlops). (From the Cambridge Natural History.) 


The Bandicoots ( Peramelida ) are burrowing Marsupials, ranging in size 
from that of a large rat to that of a rabbit. They have an elongated pointed 
muzzle, and, in some cases, large auditory pinna:. The tail is usually 
short, sometimes long. The first and fifth digits of the fore-feet are vestigial or 



Fig. 483.— Koala (Pkascolarctos cincreus). (After Vogt and Spec lit) 

absent, the remaining three nearly equally developed. In the' hind-foot the 
fourth toe is much longer and stouter than the others, while the second and 
third are small and slender, and united together by a web of skin, and the first 
is vestigial or absent. The marsupium has its opening directed backwards. 
Notoryctes, the Marsupial Mole (Fig. 482), is a small burrowing Marsupial, 
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with short and powerful limbs, each with five toes, the third and fourth of the 
fore-foot provided with remarkable, large, flat, triangular claws. The tail is 
short and covered with bare skin. An auditory pinna is absent, and the eyes 
are vestigial. The pouch opens backwards 

The Wombats (PhascoUmyidcp, Fig 484) are large, heavy, thick-bodied, 
burrowing animals, with short, fattened heads, shoit thick limbs, provided with 
strong claws on all the digits except the hallux, and with the second and third 
toes of the kind-foot partly connected together by skin. The tail is very short, 
The Kangaroos and their allies (Macropodidse, Fig. 485) are adapted, as regards 
their limbs, for swift terrestrial locomotion. They have a relatively small head 
and neck, the fore-limbs small, and each provided with five digits; the lund-legs 



Fir. 4 S | '•Wombat [Phaicolon is mUihilh) (1 mm the Catiibttdgc \atuuil lhstotv) 

long and powciful, lapid progression is etlecied by great springing leaps, with 
the body inclined loiwards and the foie-limbs clear of the ground rhe foot 
is nairow and provided with four toes, the hallu\ being absent; the two inner 
(second and third) small and united together by integument, while the middle 
toe is very long and powerful. The tail is very long, and usually thick, rhere 
is a large marsupium. The 1 ice-Kangaroos differ from the ordinary Kan¬ 
garoos in tlieu shorter and thicker lund-limbs, in which the second and third 
toes are neatly as large as the fourth 

The Phalangcrs (Phalange) idee) arc climbing Marsupials which have both 
fore- and hind-feet prehensile; the second and third toes of the hind-foot 
slender and united by a web, as in the Kangaroo, but the hallux, which is 
nailless, opposable to them, the fomlh and fifth nearly equal, rhe tail is well 
developed and prehensile. A number ot Phalangers (Flying Plialangers) are 
provided with lateral folds of skin extending from the fore- to the hmd-hmbs 
and, acting as a parachute, enable the animal, as m the Flying Squirrels, to 
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perform flying leaps from tree to tree. The Koalas (Fig. 483) differ from 
the Phalangers mainly in the relatively thicker body and the vestigial tail. 
Skeleton of Rfetatheris.— In the Marsupials the inferior arch of the atlas 



bit* 485 - Sock Wallaby ( Ptlrogak xanthopus) ( Utei Vogt and Spetht) 

(I'lg. 486) is often incompletely ossified, a gap being left in the prepared 
skeleton; sometimes the gap becomes dosed in by the ingrowths of the lateral 
parts of the arch, sometimes a small separate ossification is developed, filling up 

the opening. In the trunk there are always 
nineteen vertebra. Hie transverse processes 
p-,. of the thoracic vertebrae are always well dc- 
17 velopcd, and the ribs articulate with them as 
well as with the bodies. Prominent meta- 
pophyses and anapophyses are developed; 
Fic. 486.—Atlas of Kangaroo these are largest in the lumbar region. Only one 

sacral vertebra is present in most Marsupials; 
in some a second is ankylosed with it. The caudal region varies greatly in 
length. It is short in the Koala and the Wombat, long in the Opossums, 
Dasyures, Phalangers and Kangaroos (Fig. 490). Chevron bones are generally 
present, except in the Koala and the Wombat. 
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Fig. 487 —Diprotodon australis. (1 rom a restoration of the skeleton by l*rof b C. Stirhn 

in tlie Adelaide Museum) 



lu 48b Notothorium nutohelli. Sidt view of skull (AfterOwen) 



X«lG. 489 —Ihjrlftoolio oaniHea, Side WW of skull (After Flower ] 
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In the skull (Figs 491, 492, 493) the brain-cavity is relatively small, with 
the cerebellar fossa entirely behind the cerebral The pituitary fossa is not 
distinct, and there are no dinoid processes. The zygoma is complete, but the 
orbit is not completely bounded by bone behind. The jugal extends beneath 



Jig 41/0 - -Skeleton of Wallaby (llalmatmus ualabutu 4) 1 Lie scapula is represented as 

raised somewhat higher Ilian it would be in tlir natural relations of the parts Ihe head oi 
the femur has been sep mated from the acetabulum acet acetabulum, act, acromion process 
ast astragalus talc lakancum cbd cubmd chei chtY ron boucs, tl clavicle, cun cuneiform 
of carpus epi cpipubis fb fibula, fem femur; hd head of femur, hu humerus if ilium 
1 sch ischium oht obturatorf01 amen orb orbit pis pisiform pub pubis, rad radius rl 1 
first nh rb jy, lastnb, sr scapula st sternum tb tibia, truck gTeat tinthanter of femur, 
uln ulna, utu . uncilorm p It fourth toe 

the squamosal root of the zygoma to foini pait of the cmtci wall of the glenoid 
fossa. The lachrymal foramen is usually on the anterior margin of the orbit, 
sometimes on the face. The palate usually presents vacuities in its posterior 
portion The pterygoid is always small. The alt-sphenoid is large, and forms 
the anterior boundary of the tympanic cavity, in the Kangaroos (Fig. 493, 
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ati) it extendi) backwards so as to join the paroccipital process, which is greatly 
elongated. When an auditory bulla is developed, it is formed by this bone, 
the tympanic being always small, and never ankylosed to neighbouring bones. 



biG. 4«u.—Skull of Wombat [Phascolotnys wombat) (lateral view) Letters as in 

I<ig* 492-403. lu addition, ext. ami opening of bony auditor) meatus, tond condyle 
of mandible. 


The internal carotid aitcry perforates the basi-sphenoid. The optic foramen is 
not separate from the sphenoidal fissuie. In all except Tarstpes the angle of the 
mandible sends inwards a remarkable process (attg.), and is said to be inflected. 
I11 the pectotal arch of the Marsupials the coracoid process is, as usual, 



I i<m jq:—Stall of Duyuiu (lateral vic»j al &pk ali-hplienoid, an# angular process of 
mandible, Jr frontal; ju. jugal, let lacrymal, max maxilla, nos. nasal; oc, coni. occipital 
condyle, fat parietal, fat oL par-occipital process p mux prcmaMlla; s. oc sujna-occipital, 
sq. squamosal, tq' zygomatic pi ik ess oi squamosal. 


developed from a special bony centre, and a distinct suture is often recognisable 
between it and the scapula until a comparatively late stage. In the young 
condition (when the foetus is attached to the teat) the coracoid is comparatively 
extensive and reaches the pre-sternum ventrally. A clavicle is always present, 
except in the Bandicoots, but may be incomplete. There is never a distinct 
centrale in the carpus. In the Opossums the ilium has the primitive form 
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of a straight, three-sided xod. In the Kangaroos (Fig- 490, iL) it is still 
simple and three-sided, but somewhat curved outwards; in the rest it is more 
or less compressed- In nearly all the Marsupials there is a pair of epipubic 
or marsupial bones (Fig- 490, epi ,)—elongated and compressed bones which 



bas.oc 


Fig. 41H -Skull of Book Wallaby 
{Fetrogale penuillata) (ventral view) 
Lettcib as in Fig. 49 2, except al/ all 
sphenoid. In addition, has oc basi occi¬ 
pital ; bat, oph . basi-sphenoid, ex oc e\- 
ocupital. paL palatine, pt pterygoid, ty 
tympanu. 



Fig 494 lionet of leg and foot of 
Phalanger. asl astragalus, calc, calcaneum, 
mb cuboid, at, cun. ecto-cnneiform, ent, 
cun ento-cuneiform, fb. fibula, me* cun 
meso cuneiform; nau. navicular, lib tibia, 
t -V t digits (After Owen) 


articulate posteriorly with the anterior edge of the pubes: in the Thylacine 
they are represented only by small unossified fibro-cartilages. In the leg the 
fibula is always well developed. In the young condition of some Marsupials 
there is an accessory element situated outside the fibula at its proximal end: 
this apparently corresponds to a bone known as the parafibula which occurs 
in some Lacertilia. In the Phalangcrs (Fig. 494) and the Koala there is 
always a considerable range of movement between the fibula and the tibia, 
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comparable in some degree to the movements of pronation and supination of 
the radius and ulna. The foot (Figs. 494, 495), as already stated in the 
account of the external characters, presents a much greater range of modifies* 
tion than the manus. 


Eutheria (Plaeentalla Jfonodelphla) 


The Eutheria and Metatheria are presumed to have arisen from some, 
as yet untraced, branch of the Jurassic Pantothcres and, since undoubted 
eutherians and metatherians are known in the 


^ Upper Cretaceous, they must have diverged along 
y their separate lines of evolution during the early 
part of the Cretaceous period. In the succeeding 
Palaeocenc 1 there was a gradual expansion of 
Eutheria, and by the dawn of the Eocene most of 
the orders of the sub-class had become established 

(Fig- 496 ). 

The characters common to the sub-class, which 
has radiated into a vast number of different forms, 
are naturally few. Although a simple form of 
placenta occurs, as has already been mentioned, 
in certain Marsupials, the chief euthcrian character 
is nevertheless the highly organised placenta, 
whereby the young arc nourished in the uterus 
for a comparatively long time, and arc born in a 
more advanced stage of growth than the " larvae ” 



of the Marsupials. The uterus gradually loses its 
original double formation (uterus duplex) and 
becomes a single structure (uterus simplex). The 
< urinary ducts now pass to the bladder outside the 


biG. 49y—Bones of right 
foot of Kangaroo (M octopus). 
a. astragalus; c. calcaneum; 
cb . cuboid; f*. ento-cunei- 
form; n navicular; I 1 --V , 
digits. (After h lower.) 


genital ducts. A common sphincter is not present 

except rarely, and then only as a remnant, so that there is no longer a cloaca. 
In the skull of the more primitive forms the palate may still be somewhat 
fenestrated, as in Metatheria, but the internal carotid now enters the skull 


cither through the foramen posterius or through the bulla. The tympanic 
region in all but the most primitive forms is protected by a bony covering, or 
bulla, in the composition of which various surrounding bones may take part 
or, as is more usual, only one—namely an outgrowth of the petrous bone to 
which the tympanic bone becomes attached in various ways to form a true 
tympanic bttUa, as opposed to the ah-sphenoid bulla of those Marsupials that have 
the ear region protected. In a very few cases —e.g., Hyrax and some Rodents—- 


1 See (>. G. Simpion (in); W. D. Matthew (103) in Appendix on Literature. 
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the brain in the course of ev 1 .. a ^^ ars ' the corpus callosum (n *, \ 
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such as the Condylarthra, Amblypoda, Dinocerata, Tsniodonta, etc., had a 
comparatively short career, and did not survive beyond the Eocene. Of 
orders which still exist, the Insectivora, Dermoptera, Primates, Chiroptera, 
Rodentia, and Edentata had all started in the Paheocene, though, of course, 
no modem families were at that time represented. 

While, as might be expected from the theory of evolution, all these early 
mammals are primitive in their general organisation, side lines with various 
specialisations were continually being evolved, and as a result it is not always 
easy, on the material available, to deride the actual affinity of many oi them. 
The early Condylarthra, Insectivora, and treodonta still show many charac¬ 
ters in common which are reminiscent ol their common origin from some still 
earlier stock. Of these three somewhat allied groups only the Insectivora and 
their derivatives, the Primates, Dermoptera, and Chiroptera, have persisted. 
The Creodonta and Condylarthra became extinct, but not before important 
orders had arisen as branches from them. From the Creodonta arose the 
modern Carnivora and in all probability the Artiodactyla and Cetacea, and 
from the Condylarthra the Perissodactyla and a number of orders which did 
not persist, such as the Amblypoda, Tillodontia, Dinocerata, Tgeniodontia, 
and the important and interesting South American evolution of mammals the 
Notoungulata and olhei orders which persisted as late as the Pleistocene. 

The Proboscidea and Sircnia appear in the Eocene, followed by the Hyra- 
coidea in the Oligocene. These thiee orders +ogethcr with the little-understood 
Harytheria and Embrilhopoda, sccni lo come irom a stock of African origin. 1 
Of the remaining ordei s the Kodcntu and Edentata arc old groups of Pa].eocene 
origin, the Fhohdota aie Oligocene, and the l'ubulidentata Eocene. These 
lour orders are separate, and their ougm and connections still a matter of 
doubt 2 

Orih r INS] c iivor i. 

Ihc Insectivora may be ronsuleied the neaiest living representatives of 
the Cretaceous stock finm which all placental mammals have arisen. Although 
m the course of time different lines of Insectivora have acquired numerous 
and varied specialisations of their own, these specialisations arc superimposed 
on a distinctly generalised and primitive foundation. Many features, both in 
the skeleton and in the anatomy of the soft parts, some of them sliared in 
common with the metatheiia, ran be cited as evidence of their low grade of 
organisation. The skull, for instance, is typically rather long, and is con- 

1 There is still some doubt as to the place of origin of the Sirenia (see page oio). 

1 IToperly to luidnstand the relationships, whether proved or only suggested, of those early 
Placental ordei > requires the consideration oi much more detail than can be presented in a general 
text book. It vnubt be remembered that m many instances the material on which judgment has 
to be passed is fragmentary, and that the conclusions based upon it are always subject to revision 
as fresh evidence ociuls. buch a group as the (undylartlira, to give only one instance, may 
possibly represent se\ oral lines of very slightly related animals, of which only a small proportion 
has as yet been discovered. 
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fctricted. in the middle, owing to the smallness of the brain. The palate is oftert 
fenestrated and the tympanic ring uncovered and unprotected by a bulla. 
The brain is primitive in its lack of cerebral convolutions, in the large size 
of the olfactory part (macrosmatism), and in that the cerebrum Is not sufficiently 
large to cover the corpora quadrigemina. The dentition in its general aspect 
approaches near to the primitive trituberculo-sectorial condition (see p. 654). 
The os centralc is often present in the carpus, and an entepicondylar foramen 
in the humerus. The feet are pentadactyle and plantigrade. In the vertebral 
column there may occur pairs of small bony nodules between the vertebrae 
on the ventral side which appear to be remnants of chevron bones. The 
uterus is bicornuate (uterus duplex) and the testes are abdominal. 





Fig. 497 —Daltathaidinm pntritnbenmlue. 

Fig. 49S — Ztlsmbdalesta leohei. (Noth after (uegoiy and Simpson) 

The more noticeable specialisations are the great secondary lengthening, 
in some forms, of the snout —e g„ in the moles, shrews, and tenrccs—the frequent 
reduction or absence of the zygomatic arch; the weakness of the pelvis, which 
may be without a pubic symphysis; the peculiar incisors of the shrews; the 
spines of the hedgehogs; the occasional presence of scent glands—e.g., the 
tail of Desmana moschaia —and the adaptation of the limbs and girdles for 
digging as in the different types of Moles, etc. 

The order Insectivora is divided into several sub-orders which have long 
and separate histories from as far back as the Eocene, or even farther. Some 
of them have so little real connection with the others that they might really 
rank as separate orders. It follows that a diagnosis and classification of so 
polymorphic, a group is difficult, and the Insectivora are recognised as a 
“ group ” chiefly by their generalised stmeture and by their lack of the various 
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diagnostic characters of other aiders. llu* sub-orders arc to be lecogniscd 
by their particular specialisations of structure and by dist ing uishing characters 
in their dentition. 

The following is a list of the sub-orders. 

Deltatheroidea. 

Deltatheriida:. Deltatheridium. Cretaceous (Fig. 497). 

Didelphoditi. Eocene 

Centetoidea. 

Centetids. Centeies. The Tenrecs of Madagascar (big. 502). 
Solenodontidae. Solenodon. Cuba and Hayti. 

Potamogalida.*. PuUtmogule, Tlie “ Otter Shrew ", West Africa. 



I'ic. fno Chrycochloria trevelyani. (.olden mole A. '■ole of front foot. 
(l>rom Cambridge A a!lira'. Hi\tmy ) 


Chrysochloroidea. 

Chi3'sochloridae (hrywihluns " (loldcu Moles." South Afriia 
(Fig. 499). 

1 lie Centetoidea and Chry&ochlnroidca have triangular upper molars, and arc 
sometimes known as the ZnLunbdodoiil insert ivores. 

Erinaceoidca. 

Zalambdalestidcr. Zalambdalestes (Fig. 498). Upper Cretaceous. 
Leptictidac. Diacodon, Lfptuiis. Uppei Cietaceous to Oligocenc. 
Ennacoida?. The Hedgehogs, kruuutus, G ymntira, etc. 

Soricoidea. 

Soricidac. The Sinews. 

Talpidai. The Moles. 

vol. n. 2 M 
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These two groups have square upper molars with a W outer border, and are 
known as the Dilambdodont insectivores. 

Menotyphla. 

Tupaiidse. The Oriental Tree Shews Tupaia, Ptilocercus (Fig. 300). 
Eocene to present day. 

Macroscelidas. African Elephant Shrews. Macroscelides, Rhyncho - 
cyon (Fig. 501). 



Pig 500.— Ptilocercufl lowi. Hie I’cn tailed Tice Shiew. 


The first five sub-orders are often placed together as the Lipotyplda to 
balance the Menotyphla. The characters on which this division is based are 
that the Menotyphla have a long pubic symphysis, a tympanic bulla formed 
by the petrous bone which grows round and ensnares the tympanic ring as 
in the Lemurs, a complete jugal arch, and a caecum in the alimentary canal. 
It does not, however, follow that the sub-orders of the Lipotyphla, in not 
having these characters, are so much to be considered as a closely allied group, 
as that the Menotyphla are on a definite and more progressive line of evolution. 
Nor are the two families of the Menotyphla very closely allied, and their 
anatomical resemblances are perhaps of less weight than their differences. The 
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MacrosceKdte are specialised as hopping forms, while the Tupaudse, in some 
respects more primitive, show a transition towards the Lemurs. 

Skeleton of the Inseetivora. —Ihe neural spine ot the axis is usually well 



I ig 501.— Rhynchooyon ohrysopygni. (Fiora Cambndqc hatuuU Utstoty ) 


developed, that of the remaining ccivical vertebrae small or obsolete. 'Ihe 
number of trunk-\ ertebrse vanes in the ditlerent families from eighteen to 
twenty-four, and thcie is also great vanation in the development of the various 
processes The < audal legion vanes 111 its length, frequently it has cliesron 



1 «ig* 502- Skull of Teniec (Ccnfttn ccaudatus) f\ frontal mat maxilla, pa parietal, 
p max premaxill i, sq squamosa] (After Dobson ) 

bones. The presternum is expanded, the mesosternnm composed ot distinct, 
narrow stemebia* 

The ikull (Figs 502,503) varies greatly in the different families, in the highci 
forms approaching that of the Temurs, with comparatively large cerebral 
fossae, large orbits with complete or nearly complete bony rims, well-developed 
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zygoma, and a tympanic bulla and tubular auditory meatus. In the others 
the cranial capacity is less, and the orbits and temporal fossae are completely 
continuous; the zygoma is incomplete, and the tympanic does not usually 
form a bulla. 




Fig 503.--Skull of Ptilooercnfl lowiL * 1 i.* incisms, c. canine, p.* t », prcmolai*; 
M 1-1 molars. As. aliaphenoid, tan. as. <ilisphenoid canal; ton. condole, ir t ttnp . temporal 
crest, an. ty. entotympamc; f. c. carotid foramen; f. eus. custachian opening; /r. frontal, 
J. I . a. foramen lacerum anterius; /. mal. malar foramen; / op. optic foramen; /. or. 
foramen oiale; /. os cct. pt ectopterygoid fossa; /. os ty. hy . tympano-hyoid foe&a; fo.pl. 
palatine foramen; f. st. m. stylomastoid foramen; Ms. mastoid: Pt. pterygoid; iy. 
tympanic. (After Gregory.) 
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Ti^ ^efior^ art^i alsoyaries a good deal in the different families of the 
Insectivoti In the true Moles {Fig. 504) and their allies there is a remarkable 
braevdf cuboid shape articulating ventrally with the prestemum and dorsally 
with the;humerus, and only connected by a ligamentous band with the scapula. 
Its mode pf formation from a mass of cartilage—to the anterior face of which 
the clavicle, formed as usiiai in membrane, becomes applied—proves that this 
bone represents a pro-coracoid as well as a clavicle. In other Insectivora 
this bone is not developed, and the clavicle is a distinct , long and slender bone, 
but vestiges of the inner or ventral ends of the coracoid and pro-coracoid 



Fig. 504. —Sternum and shoulder 
girdle of Tftlpau cl. clavicle; //. 

humerus; M . manubrium. (From 
Cambridge Natural History ) 



Fig. 505. —Fore-arm 
and manus of Talpa. c. 
cuneiform; ce. central©; 
/. lunar; nu magnum; p. 
pisiform; R. radius; rs. 
radial sesamoid; td. trape¬ 
zoid ; 5. scaphoid; tm. 

trapezium; U . ulna: u. 
unciform; I-V. digits. 


may be recognisable. Sometimes the " mesoscapular segment ” (p. 643) is 
represented by a distinct bone intervening between the outer end of the clavicle 
proper and the acromion process. 

The humerus usually has a supracondylar foramen. In the Moles this is 
ahsept, and their humerus is remarkable in other respects, being short, greatly 
expanded at the extremities, with a prominent deltoid ridge, and with two 
synovial articular surfaces at the proximal end, one for the glenoid cavity of 
the scapula, the other , for the coraco-clavicle. The radius and ulna arc 
completely developed in all and are usually distinct, but sometimes fused 
distally. In the carpus the scaphoid and lunar sometimes coalesce, sometimes 
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remain distinct; an os centrale'is usually present. In the Moles (Fig. 505) 
the manus is extremely broad, the hrcadth being increased by the presence of 
a large, curved, radial sesamoid. 

In the pelvis the symphysis pubis is in some cases elongated, in others 
short, and sometimes absent, the pubes remaining separated by a wide median 
ventral deft. A third trochanter is sometimes represented by a ridge. The 
fibula usually, though not always, fuses distally with the tibia. 

Order Ciiiroptera. 

The Cliiroptera (Fig. 506) are the only Mammals which arc capable of 
active flight. The fore-limbs have the segments greatly elongated, especially 
the fore-arm and the four ulnar digits, and these support a thin fold of the 
integument which stretches to the hind-limbs and constitutes the wing. A 
fold (inter-femoral membrane) also extends between the hind-limbs, and may 



Fia. 506.— Bit (Synotus bat bastellw>). (After Vogt and Specht.) 


or may not involve the tail. I he pollox is much shorter than the other digits, 
is directed forwards, and terminates in a well-developed curved claw; in the 
Megachiroptera, but not in tlic Microdiiroptera, the second digit also has a 
claw; the other digits are always clawlcss. 'Ihc ixjsition of the hind-limbs 
is peculiar, and the knee is directed backwards instead of forwards as in other 
Mammals; the five digits ot tlic foot are all provided with daws. So complete 
is the adaptation of the limbs to the purpose of flight that fiats are only able 
to shuffle along with great difficulty on the ground; though with the aid of 
their claws they are able to climb and to suspend themselves from branches 
of trees by the hind-feet. In the Meeachironter.i the muzzle is nearly alway s 
e longated. and the pinna of the ear simple, w hile in the Microchiroptera th e 
muzzle is short , the pin na usually comp licated by t he p resence of an in ner 
lobe or tr agus, and often produced into remarkable arborescent appendages, 
and the nose also often provided with elaborate leaf-like or arborescent lobes. 
The surface is usually covered with soft fur, except in one group of Micro¬ 
chiroptera in which the integument is practically naked. The tail is sometimes 
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short, sometimes well developed; in the latter case it may or may not be 
involved in the tail-membrane. 

Eutheria in which the pectoral limbs arc modified to form wings, the bones, 
more especially those of the second to the fifth digits, being greatly elongated 
so as to support a broad web of skin extending back to the hind-limbs. The 
sternum has a keel for the attachment of the pectoial muscles, which play 
an important part in bringing about the movements of flight. Hie ulna is 
vestigial; the pollex is small, the remaining digits greatly elongated. The 
hind-limb is rotated outwards, so that the knee is directed backwards. There 
is a cartilaginous rod (< talcar ) attached to the inner .sidu of the ankle-joint and 
helping to support a fold of skin (inter-femoral membrane) which extends from 
the hind-limbs to the tail or caudal region of the body. The cerebral hemi¬ 
spheres are smooth and do not overlap the cerebellum, 'llie dentition is 
complete, heterodont and dipliyodout. 'lhe penis is pendent; the testes 
abdominal or situated in (he groin. The uterus is simple or two-horned 
(bicomuate); the placenta deciduous and discoidal. 

Sub-ordct a. - Mei>achitopiera. 

Large frugivorous Chiroptera with elongated snout, without foliaceous 
appendages to the nose and ears, the second digit of the manus terminating 
in a claw. Hie tail, when present, is not enclosed in the inter-femoral mem¬ 
brane, but lies below it. The crowns of Mie molar teeth are devoid ot shaip 
cusps. 

Hiis sub-order comprises the so-called Hying Foxes ( Pteropus ) of tropical 
and sub-tropical parts of the Eastern Hemisphere. 

Sitb-order b. Micmihiropteru. 

Small, mostly insectivorous, Chiroptera with short snout, frequently with 
foliaceous appendages of the nose and eais, the second digit of the manus never 
provided with a rlaw. The tail when present is enclosed in the inter-femoral 
membrane, "lhe ciowns of the molar teeth are provided with sharp cusps. 

This sub-order includes all the ordinary Bats {Vespertilio and other genera). 

Although so highly specialised for flying, it is suqirising to find that the 
order is so old. PaUeochitopteryx, one of several genera from the Eocene of 
Europe, is already as fully developed as any ol the Microcliiroptera; and 
Zanycteris, which, however, is known only by its teeth, may carry the sub¬ 
order as far back as the Palseocene. 

Skeleton of the Chiroptera (l T ig. 507). —Hie cervical region of the vertebral 
eoluinn is characterised by the absence of anv distinct neural spines, and the 
same bolds good to a less extent of the trunk-vertebrae; the transverse processes 
of the lumbar region are also rudimentary. The tail varies in development: 
when it is elongated tlie component veitebrae are long, cylindrical centra with- 
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olecranon process of the ulna. In the 


some species, ine xaciai region 
is rather elongated, especially in 
the Megachiroptera (Fig. 508). 
Post-orbital processes of the fron¬ 
tal are present or absent: the 
zygoma is long and slender: the 
malar is small and applied to 
the outer surface of the zygoma. 
The long and narrow nasals are 
in some cases united; the pre- 
maxillae are small. The mandible 
has an angular process in the 
Microchiroptera, not in the Mega¬ 
chiroptera. The segments of the 
sternum arc sometimes distinct, 
sometimes united; the presternum 
has a mesial keel developed in co¬ 
ordination with the great size of 
the pectoral muscles. The sternal 
ribs are ossified. 

'I he scapula is large and oval in 
shape: the spine is near the 
anterior margin: the post-scapula 
fossa has ridges for the origin of 
themusculai fibres : the spine has 
a well-de\ eloped acromion 'Ihe 
coracoid is elongated and in some 
cases bifurcated. The clavicle is 
long. The pro-coracoid is repre¬ 
sented by a separate ossification; 
ihere are rudiments of the sternal 
end of the coracoid between the 
clavicle and the first rib. The 
humerus and radius are both 
elongated. The ulna is reduced, 
and is sometimes only represented 
by the proximal end, ankylosed 
with the radius A large sesamoid 

is developed in the tendon of 
the triceps muscle near the 
carpus the scaphoid and lunar are 
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united: sometimes also the cuneiform is united with these; the pisiform is 
small- There is no centralc. The ungual phalanges are absent in the 
nailkss digits. The pelvis is small, and the symphysis pubis often imperfect. 
The fibula is sometimes well-developed, sometimes rudimentary. The tuber 
calcanei is an inwardly curved process of the calcancum, attached to which by 
means of ligamentous fibres is a slender rod of bone or cartilage, the calcar, 
which supports the inter-femoral membrane. 



1 it. —Skull of Pteroptus towns, (\flei Ulamville) 


Ordfr Dj-rmopjfra. 

Two closely allied Oriental genera, ('ynocephalus (Fig. 50Q) ( Galeofriihrcus) 
and < 7 aleoptcius, each with only one species, together form the family of 
( yuoiephalida* ((lalsLopitliccidae) 01 " Flying Lemuis ” These animals show 
such peculiarities of anatomii .il structure that they have to be placed in a 
separate order of the Mammalia, and the unfortunate lack in our knowledge of 
their past history nukes any suggestions as to the relationship for the most 
part speculative. T he most noticeable character of < ynoctphalus is the hairy, 
muscular parachutiug mcmlnane or paia%iu»i, which extends from the neck 
to the wrist and down the sides of the body to the ankle, and thence to the 
tip of the moderately long tail. It may be compared to the similar, but not 
identical, stnictuics in the parachuting Marsupials and Rodents. The brain, 
like that of the Inscctivora, is primitive in being macrosmalic, and in having 
the corpora quadrigemin.i uncovered by the cerebrum. Tlic dentition is 
peculiar. The lower incisors are procumbent and comb-like, the molars 
multicuspidate. The bulla is formed by the tympanic ring, which also forms 
the lower border of the spout-like external auditory meatus. There are several 
characters in which the Dermoptera agree with the Fruit Bats, the Tupaiidae, 
and the Lemurs, but the extent to which these characters arc convergent or 
not cannot be decided in the present state of knowledge. The order has 
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presumably had a separate line of evolution from the Eocene, if Plagumune, 
known only by the upper and lower dentition from the Lower Eocene, is rightly 
placed in the order. The affinities of this form, as of its older ally, Planete- 
thenum, is still very uncertain. 

Ordek Primates. 

lhere is still a considerable lack of knowledge as to many details of the 
structure of the earliest Primates, due to the rarity of their preservation as 



1 iu 500 Cynooephalns. (Aft or Vogt and Spit lit) 


fossils, a consequence, probably, of their foicst-living habits. There is, how¬ 
ever, enough evidence to show the great antiquity of the group. Tarsioids and 
Lemimiids occur first m the Palaeocene, Anthropoids do not appear until the 
Lite Oligocene. 

Absolutely diagnostic < luracters of a Primate are not easy to hnd, and the 
most primitive species still bear traces of their origin from the centralised 
Cretaceous " insectivorc ” stock. There are, however, definite trends of 
evolution within the group, of which tlic beginning uin be seen even in the 
earliest forms The dentition, for instance, never has the full cutherian formula 
of three incisors, a canine, four premolars, and three molars in each half of the 
upper dnd lower jaws, but from the first is reduced to two incisors, and, except 
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in some early forms with lour, to three prcmolars, and reduction may even¬ 
tually proceed further by the loss of another premolar and a molar. The 
pattern of the molar teeth is at first trituberculo sectorial, and in many later 
forms becomes quadri- or quinque-tubercnlar. The diet of Primates being 
either insectivorous, frugivorous, or omnivorous, no very great specialisation of 
tooth-pattern has been evolved. 

The most important evolutionary trend is the increase in size and com¬ 
plexity of the brain, especially in the neopalliuin of the cerebral lobes, which 
grows so as ultimately to cover a large area ot the cerebellum. This increase 
may be attributed largely, tqjthe possession of an opposable thumb and a grasp¬ 
ing h,aiuL which enables objects to be brought before the face and examined. 
This ability to pass the hand over and around objects is associated with the 
acquirement of an appreciation of tridimensional space, and finally with the 
acquisition of stereoscopic vision. The face gradually becomes more and more 
subcerebral as it becomes bent down on the basi-cronial axis, which becomes 
more inclined to the vertebral axis. Concurrently with the evolution of a. 
grasping hand, the rounded articulation of the head of the radius with the 
humerus and of the distal extremity with the ulna allows the hand to have a 
very free movement of supination, a characteristic primate feature, the primi¬ 
tive position of the mammalian hand being, of course, one of pronation. 

While the brain lias become highly organised, with resulting modification of 
the skull, the rest of the body has retained a larger number of unspecialiscd 
features than Is shown by many of t he other orders of mammals. Progression is 
still plantigrade, and even in Man the number of digits remains the primitive 
five. Flat nails arc characteristic of most primates, although claws occur on 
at least some of the fingers and toes of the I^inuroids. The skull always has a 
complete orbital nng, and the eye-socket may either be confluent with the 
temporal fossa oi separated by a lwnv pajtition, according to the grade of 
evolution. There is always a tympanic India formed by a flange from the 
petrosal with which the tympanic ring lakes part in \ arious ways, so as to have 
some value in classification. 

Primates were originally, and foi the most part still are, aiboreal. A return 
to a land habitat is a secondary and i<irc feature. 

The order is divided into three sub-orders: the Lemuroidea, Tarsioidea, 
and Anthrop oi<jca . The Lemuroidea, although showing special adaptations of 
tKeir own, are the most primitive in general structure, and the Antliropoidea the 
most advanced. The Tarsioidea, from an anatomical point of \iew, occupy an 
intermediate position. Tlic Lemuroids have a number of primitive characters 
in common with the Tupaiidse (p. 546), with which group the Lemurs seem to have 
had a common origin. The actual relationship of the three sub-orders to one 
another is still a matter of debate, and considerable differences of opinion exist. 1 

1 See Letinis GUrk, Wood Jones, Category. hlhot Smith, in appendix on literature. 
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Compared with the Anthropoidea, the Lemuroidea show a number o i dis¬ 
tinguishing features, some explicable as insistent and primitive characters, 
others as specialisations peculiar to the Lemuroid line of evolution. Of the 
former the low brain-case, with its macrosmatic brain and uncovered cere¬ 
bellum ; the confluence under the post-orbital rim of the orbital and temporal 
fossae; the lateral instead of forward direction of the orbits; the presence of 
four or even five ethmoturbinal bones instead of the usual three; the backward 
extension of the jugal; the thickened hind border of the palate; the large 
nasal bones, wide at the back, instead of narrow and pointed; the uterus 
duplex, non-deciduous placenta and occasional inguinal mammae; an entepi- 
condylar foramen in the humerus and a third trochanter in the femur. The 
dentition is on the primitive tritubcrculo-scctorial plan, but subject to con¬ 
siderable specialisation in various forms. The procumbent lower incisors and 



I«'ig. 510. —Skull oi Lemur. 


incisiform lower canines are specialisations that have arisen within the group. 
The hands and feet arc also specialised, in that the second toe of the hind foot 
at least is always furnished with a sharp claw. In the hand the second linger 
is likewise always clawed. At least some of the fingers and toes have fiat nails. 
The tympanic ring is enclosed inside the bulla, where either it lies free, as in the 
Tupaiidx, or, as in the Lorisino Lemurs, is attached to the inner side of the outer 
wall of the bulla in the position of the external auditory meatus (Fig. 596). 

There arc numerous extinct groups of l.cmuroids from as far back as the 
middle of the Palaeocene jieriod, where species of the families Plesiadapidx and 
Anaptomorphidse are first known to occur. The Adapidae, with many des¬ 
cribed genera, arc an important Eocene family. Modern Lemurs fall into two 
groups: the family Lemuridae, confined to the island of Madagascar, where they 
have undergone a radiation mto four sqiarate sub-families, the Lemurinae or 
true Lemurs with long skulls (Fig 510); the Chirogalinse (Chirogale, Micro- 
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cebus, Opoletntir), with short skulls and elongated tarsus; the Indrisinae ( Indris 
and Propithecus) with short skulls and quadi i- instead of tri-tubercnlar molars; 
and the Chiromyinae (Daubenlonta (( htromys)), an aberrant lomi with short skull, 
a single pair of enlarged rodent-like incisors, and reduced premolars (Fig. 511) 
Of the second family, the l*onsidai, none occurs in Madagascar, but they are 
found mostly in Africa, with two geneia (/.oris and Nyclicebus) in the East 
Indies. The Lorisidie fall into two sub-families, the Lonsina* (Perodtcticus,, 
the Potto, of West Africa, Atdatchus, also of West Africa and Lons and 
Nycticrbus, the Oriental genera), and the Galaginae, characterised by & long 
calcaneum and astragalus in the taisus (fialago and Ololnnur of East Africa 
and (Galagoides (Hemigalago)) of West and Centtal Africa). 

The sub-order Tarsioidea stall's also in the Palaeocene with the family of 



lie 511- Skull of Daatwntoma The lower jaw lias been partially cut to show the extent 

of the lodent-Iike incsor. 

Anaptomorphul.e (/ rfonius and A miptnmoipirns), aud.. considerable number of 
families and genera have been described funn the early tertiarics both of the 
Old and the New Worlds. At the piescnt tune there is only one genus and 
si>ccies, 1 at sms, spectrum (Figs. 51a, 513), a small forest-living animal found in 
certain islands of the farther East, such as Borneo, Java, Celebes, and as far as 
the Philippines. 

Tarsitts from the anatomical jxunt of view is an animal of considerable 
interest, and its zoological position with respect to the Lemurs on the one hand 
and to the Anthropoids on the other is still in dispute. Jt has been considered 
as a Lemur, and as the surviving member of a line from which man has directly 
sprung. The more usual view is that it represents a separate line of evolution 
which at a very eaily period branched off the stock which eventually produced 
the anthrouoids. 

From the Lemurs it differs in having an orbit directed forwards and almost 
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completely separated from the temporal fossa; by the microsmatic brain; 
by single olfactory foramina; by the arrangement of the tympanic nng, which 
remains outside the bulla and forms the tubular external auditory meatus. 



Fig 513 —Skull of Tanfau isMtram. 

The structure of the nostrils and upper lip is neater that of the Anthropoids than 
of the I emurs, the jugal does not extend so far back, and the carotid arteiy 
enters the bulla wall 


- V 
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lheie arc specialised features which ale sullicicnt to separate theTarsioids 
from the Anthropoids In the lust place, the bind foot has a gieatly elongated 
navicular and calraneum, a feature which occurs in all the early forms (in which 
this structure is known), and one which alone is sufficient to prevent the line 
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from being considered as directly ancestral. The digits of the hand have nails 
as do all the toes except the second and third, which are clawed. The tibia and 
fibula are fused. The great enlargement of the eyes—a specialisation for 
nocturnal habits—has caused considerable modification in the shape of the 
skull, and there are indications of a macula lutea and of the origin of stereo- 
scopic vision. 

The sub-order Anthropoidea comprises the higher forms of Primates, 
including Man. Here the brain readies its highest development. The eyes 
are forwardly directed and set close together. The nose differs from that of the 
lemurs, where the muzzle, or rhinarium, has the primitive naked form and the 
t nostrils have on each side the lateral cleft, typical of most mammals, which 
separates a central from lateral portions. The rhinarium itself is hairless, and 
runs on to the upper lip, and the lip is held down by a ligament, and is not pro- 
trusible. In the Anthropoids the nostrils are completely ringed round by 
naked skin, the moist muzzle is absent, and the upper lip is without a ligament, 
and so is free to protrude. With the exception of the rather primitive Hapalidse, 
the fingers and toes are all provided with flat nails. 

The Anthropoidea fall into two groups: the Platyrrhini, or New-World 
Monkeys, and the Catarrhini from the Old World. The former are characterised 
by a broad, as against a narrow, nasal septum. There are always three pre- 
molars, and the tympanic ring forms a bony canal to the external auditory 
meatus. In some forms the tail is prehensile, a character which occurs in no 
other Primates. There are two families : the Hapalidae, or Marmosets, which 
arc the. most primitive Monkeys, with claws on all digits except the hallux. 
Tire third molar is lacking and the tail is non-prehensile. The genera are 
(Callithrix — IIa pale) and ( Leontocebus — Midas). The second family is that of 
the Cebidsr, containing the genera Cebtis, the Capuchins ( Suimiri — Chryso- 
thrix) Squirrel Monkeys; Piiheaa, the Sakis; A tries, Spider Monkeys; 
Alonatta or Mycetes, the Howlers, etc. 

The Old-World Monkeys and Apes arc characterised by the loss of the first 
jrreinolars and the presence of a Irony external auditory meatus. Isdiial 
callosities are often present, and there arc cheek-pouches in all except the 
Langurs, Gucrezas, and Aires. There aie three families : the Cercopithecidae, 
which comprise all forms except Man and the Apes such as Macaca, the 
Macaques; Papin, the Baboon',; Cololus, tlic Guerezas; Cercopithecus 
{Presbytis — Seinnopithccus), the Langurs; Nasalis, the Proboscis Monkey, etc. 
The second family, the Simiidae, (or Anthropomorpha) contain* Hylobates, the 
Gibbons; Ponge — Simia, the Orang Utan; Pan - Anthropopithecus, the 
Chimpanzee; and Gorilla, the Gorilla. The third family is that of the Homi- 
nidse, with three extinct genera in Pithecanthropus, Sinanthropus, and 
Eoanthropus and the single living genus Homo. 

In the Lemurs and their allies the body is slender, and the limbs are adapted 
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for an arboreal existence. The hallux is divergent from the other digits of the 
foot and opposable to them, and the same holds good, in some cases, of the 
pollex. In some all the digits are provided 'with claws, in others all but one 
hallux. More commonly all the digits have flat nails, except the second of the 
pes, which always has a claw. The eyes are very large. The muzzle is some¬ 
times elongated, sometimes short; the nostrils are slit-like. The tail is some¬ 
times absent or sliort; more usually it is greatly elongated, but it is never 
prehensile. The surface is always covered with soft fur. 

Of the Anthropoidea the Hapalids or Marmosets are small squirrel-like 
animals with all the digits except the hallux provided with pointed claws, with 
the pollex incapable of opposition, the tail non-prehensiie, and without cheek- 
pouches or callous patches over the iscliia. The Ccbidse resemble the Hapalids 
in the negative characters of the absence of iscliial callosities and of cheek- 
pouches, and of the power of opposition in the hallux. But the limbs are much 
longer, the digits ate all provided with flat nails, and the tail is frequently 
prehensile. The Cercopithecidae all have brightly-coloured, bare, callous 
patches of skin ( callosities ) over the iscliia, and most of them have cheek- 
pouches for the storage of food. All the digits arc provided with flat nails. 
The tail may be long, or short, or absent; when present it is never prehensile. 
The pollex, when developed, is always opposable to the other digits. In the 
Simiida: or Man-like Apes (Fig. 516 A) a tail is never developed, and there are no 
cheek-jxmches; ischial callosities are present only in the Gibbons. The 
Gibbons can walk in an upright position, without the assistance of the fore¬ 
limbs ; in the others, though, in progression on the surface of the ground, the 
body may be held in a semi-erect position with the weight resting on the hind- 
limbs, yet the assistance of the long foic-limbs acting as crutches is necessary 
to enable the animal to swing itself along. 

Skeleton of the Primates. —The atlas is ring-like, the odontoid sub-conical. 
The spines of the cervical vertebral ap> usually well-developed and simple: 
in Man they arc short—with the exception of the seventh - and luhd : in some 
they are triiid. The number of thoraro-lumbar vertebra is usually nineteen, 
but only seventeen in Man, the Gorilla, and t himpan/ee, sixteen in the Orang; 
in some Lemurs it may be twenty-three or twenty-four. The number of social 
vertebrae varies from two to five. The sacral region of Man, which comprises 
five ankylosed vertebra;, differs from that of other Primates in its greater 
relative breadth and in its backward curvature; it forms a well-marked angle 
where it joins the lumbar region -the sacro-vertebrul angle -srarcely recognisable 
in other Mammals. The number of caudal vertebrae varies with the length of 
the tail— from four to about thirty-three. In Man there are only fonr vestigial 
caudal vertebrae, ankylosed together to form the coccyx. In all those forms in 
which the tail is well developed chevron bones are present. 

The human skull (Fig. 514) presents a marked contrast in certain respects 
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to that of other Mammals, but in many points is approached by tliat of the 
other Primates, more especially by that of the Simuda:. One of the most 
important characteristics of the human skull is the large size of the brain-case, 
the cubic content of the cranial cavity averaging 1500 cubic centimetres in the 
pnalft of white races. This great development is most marked in that part of 
the cavity which lodges the cerebral hemispheies, in adaptation to the large 
dimensions of which the cranium bulges out both anteriorly and posteriory to 



Fig 514--Skull of Man. Letter* as in I lg ->9, in .ulditior a. angle of mandible; 
c g crista galh, a piocess of the mesellimoifl, J m foramen magnum, Af. mastoid, s.t sella 
turcica. (After Flower) 

such an extent that the entile length of the easily greatly exceeds that of the 
basi-cranial axis. A result of the postcuor bulging of the brain-casc is that the 
foiamen magnum (/. m) is no longer situated at the posterior extremity of the 
skull as in other Mammals, but assumes a position farther forwards towards the 
middle of the base. The anterior expansion, causing a strong arching forwards 
of the frontal region, brings about an alteration in the position of the ethmoidal 
plane, which, instead of bring perpendicular or inclined to the basi-cranial axis, 
becomes horizontal, and the cribriform plate forms the middle part of the floor 
of the anterior extension of the cranial cavity, lhe fossa for lodgment of the 
VOL. It. 2 o 
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cerebellum lies, entirely beneath the postenor portion ot the cerebral fossa; 
the olfactory fossa is comparatively small (sec Fig. 597, I).) 

The outer surface is smooth and rounded, devoid of any prominent ridges or 
crests. The occipital crest of lower Mammals is represented merely by a rough 
raised line—the superior curved line of the occiput. The paroccipital processes 
are only represented by slight eminences—the jugular eminences. There is no 
auditory bulla; the mastoid portion of the periotic projects downwards as a 
prominent mastoid process. The periotic, tympanic, and squamosal early fuse 
into one bone -the temporal bone. The post-glenoid process is very slightly 
developed. The whole facial region is relatively small. The orbits, which are 
of moderate size, me directed forwards ; the bony margin is complete, and a 
plate of Ixme, developed partly iiom the jugal, partly from the ali-sphenoid. 



Fin. 515 —Skull of Chimpanzee [Pan troglodytes). (After lllainvillr) 


almost completely cuts oft from the temporal fossa, leaving only a small 
aperture of communication—the sphenu-maxdlury fissure. The frontal suture 
usually early disappears. The nasals arc rarely fused. The suture between the 
premaxilhe and the maxilla: becomes obliterated at au early stage, so that the 
entire upper jaw appears to consist of a single bone. A peculiar spine, the nasal 
spine, is developed in the middle line below the nasal opening. The most 
marked feature of the mandible is the presence of a prominence, the mental 
prominence, in the lower part of the sympliysial region (S'). The stylo-hyal 
nearly always becomes fused— together with the lympano-hyal - to the periotic 
and tympanic, giving rise to a slender process—the styloid process (sh.) —pro¬ 
jecting downwards from the base of the skull. 

None of the other Primates has a cranial capacity approaching that of 
Man; and those modifications in the shape of the skull which ore the concomi¬ 
tants of the great development of the brain in the human species are accordingly 
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not recognisable, or are much less strongly marked. The various fossa: of the 
cranium, however, as a rule occupy the same relative positions as in Man; 
the cerebellar fossa is entirely beneath the cerebral; and the ethmoidal plane, 
and that of the foramen magnum (occipital plauc), are usually both horizontal 
or nearly so. In all the Simiidse, with the exception of the Chang, the frontals 
meet in the middle line below, over the pre-sphenoid. In many Monkeys the 
outer surface of the cranium is smooth and free from prominent ridges; but in 
the Baboons, the Orangs, the Gorilla, and the Chimpanzee (Fig. 515) there are 
strongly developed occipital, sagittal, and supra-orbital ridges, usually much 
more prominent in the male than in the female, and increasing in size with age. 
The paroccipital processes arc always rudimentary, but there are well-marked 
post-glenoid processes. The mastoid does not form a distinct mastoid process. 
In the Cebidse and HapalicUe alone is there a tympanic bulla. The entire facial 
region is relatively larger than in Man ; the premaxillo-maxillary region is 
always more prominent, and in the Baboons projects forwards as a distinct 
muzzle. The orbit is separated from Lhe temporal fossa as in Man. The nasals 
are usually ankylosed in the adult. The nasal spine is never developed. The 
suture between the prcmaxilla and the maxilla only becomes obliterated, it 
at all, in old individuals. 'Die mental prominence of the mandible is never 
developed, the anterior surface of the symphysial region sloping backwards and 
downwards from the bases of the incisor teeth. The stylo-hyal never gives rise 
to an ossified styloid process. 

In the skull, as in many other respects, the Lemurs occupy an intermediate 
position between the higher Primates and the lower orders of Mammals. The 
occipital and ethmoidal planes arc usually vertical. The tympanic forms a 
large bulla. The orbits, which arc large, are usually sepaiated from the tem¬ 
poral fossae only by a narrow rim of bone. The lachrymal foramen is situated 
on the face outside the margin of the orbit. The facial region is usually 
elongated, and may form a prominent muzzle. 

In all the Primates the clavicle is present and complete, and in the scapula 
the spine, acromion, and coracoid process are well developed. In Man and 
the higher Apes the glenoid border of the scapula is much longer than the cora¬ 
coid border. In the lower Monkeys, on the other hand, these borders are nearly 
equal. The humerus is comparatively long and slender; the tuberosities and 
ridges arc not, as a rule, very strongly developed. In Man and the Suniidse the 
bone is twisted around its long axis; in the lower forms this torsion is absent. 
In Man and the higher Apes the foramen above the inner condyle is absent ; 
it is present in many o l the American Monkeys and in most Lemurs. Charac¬ 
teristic of the ulna of Man and the higher Apes is the small upward extension of 
the olecranon process. The radius and ulna are distinct in all; in the higher 
forms the shafts of the two bones are bent outwards, so that there is a wide 
interosseous space, and there is considerable freedom of movement in pronation 
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and supination. In the carpus (Lug 517) the scaphoid and lunai are always 
distinct, and a centrale is present m all ev cpt some of the Lemuis, the GonlLi, 
Ch impanz ee, and Man. A pisiform i« present, and m roost a radial sesamoid 
As compared with that of the other Piimates, the 
caxpns of Man is short and broad, the trapezium has 
a saddle-shaped articular surface turned somewhat 
inwards. In Man, the Chimpanzee, Gonlla, and 
Orang the carpus articulates exclusm ly with the 
radius, in all the others it articulates also with the 
ulna In Man the pollev has a remarkable and 
characteristic freedom of movement in opposition to 
the other digits 

The human pelvis is remarkable for its lelative 
breadth, for the expanded form of the ilia and tin 
deep concavity of their inner surfaces, and loi the 
shortness of the pubic symphysis In the higher 
Apes some of these features are recognisable, though 
less pronounced; but in the lowi r the ilia are long and 
narrow, and usually curved outwards, in the Old-World Monkeys the tubero¬ 
sities of the lsdua are strongly everted and roughened for the attachment of the 
ischial callosities 



Fig 517 C irpus of 
Baboon (Papxo anubu) 
ce centrale c cuneiform, 
t lunate m magnum 
p pisiform r s radial 
sesamoid 5 scaphoid 
td trape/oid, fm trape- 
num , u unciform (Alter 
1? lower) 



Fig 5x8 -Foot of »»«■, Gorilla, and Orang of ilie samp absolute length to show the difference 
in proportions llie line a a indicates the boundary between taisus and metatarsus ¥¥ 
that between the lattes and the proximal phalanges and c c bounds the ends of the distal 
phalanges as astragalus ca calc&neum. sc scaphoid (After Huxley) 
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The tibiu and fibula arc well develojied and distinct in all. In nearly all the 
hallux, owing to the form and direction of the articulation between it and the 
internal cuneiform, is opposable to the other digits, converting the foot into a 
grasping organ. The human foot (Fig. 518) is distinguishable from that of the 
other Primates by the absence of this power of opposition and by the relative 
length of the tarsus, which exceeds that of the metatarsus. 

OanfeK Condylar ihra. 

This order, ranging from the Palaeocene to the Eocene, is an important basal 
group approaching the early Creodonta in some respects, but characterised by 
the foreshadowing of hoofs — i.e., they are on the " ungulate ” line of evolution 
rather than on the " unguiculate." There is also a tendency for the third toe 



Fig. 519.—Skull oi Hyopodni. (Alter Matthew.) 


to become progressively larger than the others, thus producing a mesaxonic, as 
compared with a paraxonic, fool. These two characters suggest that the Pens- 
sodactyla arose from some early members of the group, although no direct 
ancestor has so far been discovered. The tooth pattern of such a form as the 
Condylarth F.ciucion, itscll an Eocene form too late to be ancestral, could easily 
lie modified into that of Hyracotherium, the earliest known Horse. 

The chief character of the early Condylarth 1 are mostly negative ones, as is 
to lx* ex)>ected in any very primitive group, fhe omnivorous, non-predacious 
character of the teeth is unlike what was evolving in the allied Creodonts, and 
there is none of the specialised features, such as the shortening of the jaws and 
icduction of the incisors found in the Primates. There is a general resemblance 
to the Insectivores, but none of the specialisations of that order is observable. 
The astragalus (an important bone, see Fig. 609) is of the creodont-carnivore 
type, and the earpus is normally interlocking with the centrale retained (see 
P- 643 ) 
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In general, the Condylarthra are to be considered as primitive, and not far 
removed from the generalised ancestral stock of the Cretaceous period, and 
themselves are in a position ancestral to a number of later groups. 

There are five families: the Hyopsodontide, Phenacodontidae, Peripty- 
chidse, Meniscotheriidfe, and Didolodontidae, this last iamily containing only 
South American animals that appear to be a connecting link with the exclusively 
.South American Litoptcrna. 

The Hyopsodontid® (e.g., Hyopsodus, Fig. 519) are tlu* more primitive 
forms, and have a general resemblance to Insect ivorcs and Primates, with one 
or the other of which orders Hyopsodus, with its scxitubercular molars and 
hedgehog-like skull, was formerly placed, until the discovery of its typically 
condylarth astragalus decided its truer position. The Mioclseniiue (Mio- 
cleenus) have tritubercular teeth, and both retain, among other primitive 
features, claws rather than hoofs .and an interlocking carpus. 



Fig. 520 - Phenacodus piimsiyiu. (American Museum of Natural History) 


The Phenacodontida" contain se\cr«d genera, among which aie Tetraclas- 
nodon, winch, in having blunt claws rather than hoofs, somewhat bridges the gap 
between the Condylartlis and Creodonts, and Phenacodus (Fig. 520), its direct 
descendant, which has become specialised in having a serially arranged carpus 
and by the loss of the clavicle. F.ttocion, an Eocene genus, has, as already 
mentioned, a dentition approaching that of the early Horses. In this family 
the feet are, as in the others, pcntadactyle, but with a progressive tendency to 
tridactylism, to digitigradism, and to a broadening of the ungues mto small 
flat hoofs. 

The Pcriptychidae (c g., Penplyihus, ('anticodon, Ecioconus) also have narrow 
hoofs, and are a specialised side-line with enlarged prcmolars and multicuspid 
molars, which prevent them from appearing .is ancestral to any later forms. 
Their earlier members are closely akin to the Ifyopsodontid®. 

The Meniscotheriidae (Meniscothet ium. Pleuraspidothenurn) retain a very 
primitive foot structure, but have become specialised in their very selendont 
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molars. On this ground they have been considered as ancestral to the Hyra- 
coidea, though satisfactory proof is still lacking. 

The Didilodontid®, with primitive bunodont molars and simple premolars, 
are on the line leading to the early Litoptema, such as Diadiaphorus. 

Orders Paniodonta and Dinocerata. 

These two orders arc sometimes classed together as a single order, the 
Amblypoda, but there are differences in structure that entitle them to be 
separated. Both in all probability arose from some early condylarthrous 
stock, but diverged from one another on specialised lines of foot-structure and 
dentition. 



Fig 521 — Coryphodon radius. (C ambridge Natural Ilutory.) (Alter Osborn.) 


The Pantodonta comprise tlic families Pantolambdidse and Coryphodon- 
tidae. Pantolambda, a Palxoconc genus, represents a more primitive stage 
leading to Coryphodon (Fig. 521), the terminal genus of the Lower Eocene, which 
attained the size of a Rhinoceros. The feet have the carpals serially arranged, 
and the toes tend to become short and stout as an adaptation to weight. The 
teeth are present in full series, and the canines large. The upper molars arc 
triangular, and in Pantolambda have three cusps; in Coryphodon the pattern 
evolves into an aberrant type of bilophodont tooth. The order became extinct 
during the early Eocene, and left no successors. 

The Dinocerata, or Uintathcria, were heavy, stump-footed animals reaching 
a large size. The skull is characterised by the presence of three pairs of bony 
horn-cores placed on the nasals, parictals, and on the maxills just over the 
enlarged spear-like upper canines. The molar teeth are bilophodont like those 
of Coryphodon superficially, but with the two ridges converging on the inner side. 
Any resemblance between the two forms is due to convergence rather than to 
any close affinity The Dinocerata also died out at the dose of the Eocene 



PHYLUM CHORDATA 569 

without successors. Examples are Loxolophodon (Tinoceras), Uintatherium 
(Dinoceros), EobasiUus (Fig. 522). 


Ungulates" of great 


South American " Unt.ulata/ 

In South America there was an evolution ol ' 
diversity of form and of a range in 
time from the Palseocene to as late a 
period as the Pleistocene. They axe 
grouped provisionally in four orders 
which have no connection with one 
another beyond some remote Condylarth 
ancestor. Although there are on oc¬ 
casions superficial resemblances to 
animals in other parts of the world, as, 
for instance, the curious convergence in 
foot-structure of certain Litoptema and 
the Horses or the proboscidean char¬ 
acters of the Pyrotheria, these four 
orders in reality have no outside re¬ 
lationships, and each pursued a special¬ 
ised line of evolution oi its own. 

Order Litopterna. 

This is a small order, consisting of 
two families, the Macraucheniidae and 
Prolerotheriidse. The genus Macrauch- 
enia (Fig. 523) had a three-toed foot 
with well-developed lateral toes, the neck 
was long and camel-like, and the skull 
peculiar in the position of the nasal open¬ 
ings, which are placed far back on the 
upper surface of the skull, suggesting the 
presence in life of a proboscis. Of the 
Proterotheriida? a series of genera show 
an evolution which closely parallels that of the Horses. Notodiaphorus, 
an Oligocene form, has three toes with the lateral toes stout and still resting 
on the ground—about the stage, that is, of Mesohippus among the Horses. 
Diadtaphorus (Fig. 524), in the Miocene, has the lateral toes much reduced, 
and can be compared with Miohippus, while Thoatheritm, also Miocene, 
is monodactyl to a greater degree even than tlie modern Horse, in that the 
splint-bones are reduced to mere nodules of bone. (See Fig. 599, p. 645.) 



Pig. 5JU.— Skulls of UlntaUwrU. 1. 
JJathyopsis ; 2. klachoceras ; 3. Uinta- 

thenum; 4. Eobastleus, (Alter W. B. 
Scott.) 
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The dentition of these animals has the perissodactyle-like feature of 
molarisation of the premolars, but, unlike the Horses, the teeth remain per* 



Fig. 523Haortoehenii. 

(From a mounted specimen in the American Museum of Natural History.) 
sistently bracliydont and, although there is a superfioi.il resemblance in the 



Kig. 324.- -DUdiapborna. (J'ioni W. H Scott.) 

herbivorous mammals throughout the 
dactyls were there absent until the 


molar pattern with the earlier 
Horses, there are differences in de¬ 
tail, and the looth- and foot-struc¬ 
ture combined are never in phase 
with any genus of Horses, so that 
there is no real danger of confusion. 

Order Noioungulata. 

This order is larger and more 
varied, including the most typical 
and abundant South American 
Tertiary. Artiodactyls and Pcrisso- 
Pleistoccne, and their places were 
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taken by Notoungulates. The latter became extinct after South America 
was united to North Amenca in the Pliocene, and more progressive herbi¬ 
vores from the North took their place. There are four principal groups of 



Fig. 525 A—Honulodothertnm. (After Kiggs.) 


Notoungulata. The sub-order Notioprogonia (Arctostylopida:, occurring in Asia 
and North America, the only non-South American Notoungulates; Hen- 
ricosbormidse; Notostylopidx) includes smJl and primitive forms, confined to 
the Palaeocenc and Eocene. Some of them closely resemble the Condylarthra, 
and probably show the origin of the Notoungulates from that group The 
Entelonychia (Humalodotheriidae) (Fig. 525 A) developed into laige forms with 
clawed feet lesembhng those of the 
CHalicothcres, and became extinct 
towards the end of the Miocene 
or beginning of the Pliocene. The 
Toxodonta (Notohippidac, Toxo- 
dontidx) also reached considerable 
size, the genus 7 oxoion (Fig. 525 B) 
of the Pleistocene being as large 
as a rhinoceros. The typical toxo- 
donts had large cropping incisors 
and strongly curved hypsodont 
molar teeth. The fourth sub¬ 
order, Typotheria (TypothcriuUc, ,,,c 52,11 Toxodon. (Alter w. H Scott.) 

Hegctotheriidx, Intcratlieriida:, 

etc.) also developed enlarged incisors and hypsodont molars, but were 
mostly of small size, and some of them must have resembled rabbits in 
appearance and habits. 
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Order Astxapothekia. 

This order includes only two families, but in spite of a resemblance in general 
aspect, these are so different in basic structure that they are referred to two 
suborders;— 

Trigonostylopoidea (with the family Trigonostylopidse) and Astrapo- 
therioidea (Astrapotheriidae). The typical genus, Astrapotherium (Fig. 526), 
of Miocene age, was a large animal with a disproportionately large head, pro¬ 
vided with great canine tusks and with retracted nasals suggesting the presence 
of a proboscis. The premolars were reduced and the molars greatly enlarged 
but not hypsodont, the whole dentition suggestive of the Amynodont 
Rhinoceroses. 



Fig. 526 — Aftripotharium msganm, (From Scott, after Riggs.) 


Order Pyrotheria. 

The Pyrotheres are known from a single family (Pyrotheruda?), with a short 
history from Eocene [CaroloziUelia] to Oligocene {Pyrothenum). Pyrotherium 
was a large, elephant-like animal with a proboscis and with two pairs of 
large incisor tusks in the skull and one pair in the lower jaw. Each of the 
posterior premolars and molars has two sharp transverse crests, somewhat as 
in Kangaroos, Tapirs, Deinotheres, and some other groups. It has been main¬ 
tained that the Pyrotheres were allied to the Mastodons and Elephants, but 
it is now believed that the resemblance is convergent, and that Pyrotheres, 
like other South American Ungulates, developed there from condylarth-like 
ancestors. 

Order Carnivora. 

The modem Carnivores are difficult to characterise. There is, in fact, only 
one feature constant throughout the group, and that is the fusion of the 
scaphoid, lunar, and centrale in the carpus. Other characteristic features, 
however, are the universal retention of the full number of incisors and the 
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weU-devdpptd canines. The post-canine dentition always shows a certain 
amount of reduction and a rather wide range of adaptive radiation, as is 
described below. The digits of the feet are usually five, and are never reduced 
to less than four, and the toes are aimed with sharp claws which are often 
retractile. The brain is well developed. 

The present radiation of Carnivores may be said to start mainly in the 
Oligocene period, but the line can be traced backward through late Eocene 
Canids to the Creodont Miacids of the Palsocene, until it becomes merged in 
the basal Creodont-Insectivore stock from which so many orders arose 

Living Carnivora are divided in the first place into two sub-orders: the 
‘Fissipedia, all essentially land-ljving animals, with toes separate; and the 
Pinnipedia, forms adapted to marine life, with the toes bound together by skin 
to form paddles. The Fissipedia are classified on a number of anatomical 
characters, such as the shape of the bulla and the presence or absence of an 
alisphenoid canal in the skull, but the most useful guide is the pattern of the 
molar teeth and the presence or absence of a modification of two teeth, always 
the first lower molar and the last upper preinolar, into flesh-cutting shears 
known as the carnassials (Fig. 528). 

There are seven families, of which the Canid* (Dogs, Wolves, and Foxes) 
occupy a central position. The dentition is complete except for the absence 
of the last lower molar. The camassial teeth are well developed and the upper 
molars are bluntly triangular in pattern ^Fig. 527 1 ). There are only four 
toes on the hind feet, and the claws are non-retractile. 

On one side of the Canid* may be ranged the Viverrid* (the Civet Cats) 
Hyaenidae and Felidae. Here the dentition always shows some reduction in 
the number of molar teeth, both upper and lower; carnassials are well 
developed and tlic upper molar is a narrow triangle sharp on the inner 
border (Fig. 527*). There are normally live toes with semi-retractile claws. 
An anal sccnt-gland is a common feature. 

The Hyamid* (Hyaenas) have a molar dentition reduced to one in each 
section of the jaws, and the first premolar is likewise lost. The carnassials 
are well developed. The upper molar is reduced to a thin slip transversely 
placed and sharp on the inner side (lug. 527*). The teeth as compared with 
those of the Fclida are blunter and coarser, an adaptation to carrion-fecding 
and bone-crushing. There are never more than four toes on the hind foot and 
the claws are non-retractile. The tympanic bulla has internally a rudimentary 
septum which partially divides it. Profiles, the " Aard Wolf 11 of South Africa, 
is an aberrant insectivorous form with the teeth reduced to simple cones. 

The Felid* (Lions, Tigers, and Cats) (Fig. 527 4 ), with very well-developed 
carnassials, show the greatest molar reduction of all these teeth, being even 
more reduced in size than those of the Hyaenas. The premolars are also reduced 
both in a nd in size to three above and two below. In some extinct 
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posterior additional cusp. There is nojdevelopment of camasaial teeth. The 
facial part of tlie skull is abbreviated, the cranial elongated. 

There are three families. In the Otariithe (Eared Seals) the pinna of the 

- ear is present, though small, and 

N. the hind legs can be turned for- 

J\. \ ward for progression on land. The 

Odobsenidae (Walrus) lack an external 
ear, but have the same arrangement 

-- v of the hind feet as the Otaxiidse. 

V Vr«^ ' , . V Ty^ Tlxe upper canines form exceptionally 

\ ^^ large tusks. The Phocidae (Seals) also 

r-J lack an external ear, but have the 

\ / liind limbs turned permanently back- 

▼ . \/ wards, bound up with the short tails, 

v> — — _and are useless for land locomotion 

(Fig-535 A). 

vN All these modem Carnivores in 

the course of time replaced an older 
group, a sub-order known as the 
r p* pf Creodonta, which, until its final ex- 

J, ” \Y>Vyv A , " ~^7 3 tinction at the dawn of the Miocene, 

^ were the dominant flesh-eating 

7 */ mammals, and themselves had a 

'___ _/ radiation into four superfamilies. 

Of these the earliest, known from the 
— Lower Palaeoccnc, were the Arcto- 

__ cyonoidca (Procreodi) (Arctocyonidx 

{ and Triisodonlidae), small animals 

) VV m ' primitive in their general structure, 

j XVV Ih\ ] with low skulls, small brains, and with 

/ a com Ph*te dentition. Carnassial 

( \ o / teeth were not as yet developed and 

\ 6 f / the molars were usually of the tuber- 

• - S culo-sectorial pattern. The limbs 

Fig. 538 - upper and lower teeth of a wolf and body were long and slender, with 

alongt<ul.thefcetp«.tadactyfea«d 

arrangement of the carnassial teeth. The plan tig rade. From this centralised 
crou~l.rn.luM. (AfluHttUro.) ^ a^My 

mostly during the Palxocene, the three remaining superfamilies, the Mesony- 
choidea, Oxycnoidea, and Miacoidea, which arc classified chiefly by the 
presence or absence of carnassial teeth and, further, by a difference in the 
particular teeth which become the camassials when present. 




? P’ P‘r± 


Fig. 528 - Upper and lower teeth of a wolf 
(top figure); Hpanodan (middle figure) and 
OXFSinil (lower figure) showing the different 
arrangement of the carnassial teeth. The 
camassials are shaded. (After Matthew.) 
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Hie Mesonychoidea [AcreodiJ (Mesonychidai), like (lie Arctocyonoideu, 
developed no camassials, but the cusps of the cheek-teeth become broad and 
blunt, and in some of the later forms develop a liypoconc. The possession 
of a me&xonic foot and a tendency to develop small hoofs on the rather wide 
and fissured terminal phalanges instead of claws suggest that some offshoot 
of this family gave rise, during the early Eocene, to the Artiodactyla. 

The Oxyaenoidea [PseudocreodiJ (Oxysenidse and Hysnodontidc) are 
characterised by having " false ” camassials, in the sense that they arc never 
the same pair of teeth, the fourth upper premolar and first lower molar, as 
those in the Miacoidea apd modem Carnivores. In the Oxyanid® the camas¬ 
sials are the first upper and second lower molars, in the Hyaenodontidae the 
second upper and third lower molars (Fig. 528). The two families in their 
day were the most successful of the earlier radiation, and gave rise to some large 
forms, though A ndrewsarchus, a Mesonychid from the Lower Oligocene of 
Mongolia, reached the largest size of all, with a skull three feet in length. 

The remaining super-family the Miacoidea [Eucreodi] (Miacidae) originated 
in the mid-Palaeocene, and expanded through the Eocene to transform into 
the radiation of the modem Carnivores during the Oligocene. The camassials 
were developed from the fourth upper premolar and the first lower molar, 
and, like the true carnivores, in contradistinction to other Crcodonts, the 
terminal phalanges arc not fissured. The scaphoid and lunar bones, however, 
are still free in the carpus. 

Skel eton of the Carnivora. -In the Carnivora the atlas is very large, with 
wing-like lateral processes. The neural spine of the axis is elongated and 
compressed, the odontoid conical. The other cervical vertebra have small 
..pines and large transverse processes. There are twenty or twenty-one thoraco¬ 
lumbar vertebra. The most anterior thoracics have long, slender, backwardly- 
sloping spines. In the posterior thoracics large metapophyses and anapophyses 
are developed. The transverse processes ol the lumbar vertebra are extremely 
long and the spines short. The sternum is long and narrow, composed usually 
of eight or nine pieces. The sternal ribs are almost uncalcified. 

In the skull ot the Carnivora vera (Figs. 529 and 53X) there are prominent 
sagittal and lambdoidal crests. The temporal fossae are very deep; the 
orbits arc not separated from them by bone. The relative development of 
the facial region varies in the different groups; in the Bears and their allies, 
and in the Dogs, it is elongated; in the Cats it is very short. The zygoma 
is strong and greatly arched outwards. The glenoid cavity is in the form of 
a transverse groove, to the shajie of which the transversely elongated condyle 
is adapted. In the Cats there is a large rounded tympanic bulla (Fig. 530), 
the cavity of which is divided into two parts—anterior and posterior—by a 
septum, the anterior containing the auditory ossicles and the opening of the 

Eustachian tube; the bony auditory meatus is short; the paroccipital is 
VOL. 11 2 P 
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closely applied to the posterior surface of the tympanic bulla. In the Dogs 
the septum of the bulla is incomplete, the auditory meatus short, and the 
paroccipital process not applied to the bulla. In the Bears and their allies 



Fig. 529 — Skull of Tiger (1 ehs tifri*). 
(After Blainvdlc) 



I ig «, jo. - Section of the left duditor) bulla of 
Tiger (belu* tig m). * aperture of communication 
between the two chambers into which the ravit> 
of the bulla is divided, a wi external auditory 
me itus, B. 0 bast occipital, e 1 ustacliLm tube, 
1.1 the inner chamber, 0. c the outer chamber, 
Pt penotic, 5 septum between the two cham¬ 
bers, s? squamosal (After How ei ) 


(Fig. 532) the bulla is usually less dilated, and the septum is absent or only 
represented by a ridge, while the bony auditory meatus is elongated. 

The cranium in the Pinnipedia (Fig. 535) is broad and rounded, rather 



Fig 5^1—lateral view of skull of Dog (Cams famthant) C. oer occipital comljlc, r. 
frontal, 1 tnf infra-oibital f01 amen. Jg. jugal. Jm prcmaxilla; L. lachrymal; Af.maxilU, 
Maud external auditory meatus, Md. mandible, N. nasal, P. parietal, Pal palatine, Pjt. 
zygomatic process of squamosal, Pt» pterygoid, Sph, ali*sphonoid« squamosal , 5 q occ 
supra-occipital, I. tympanic. (From Wiederaheim’s Comparakve Anatomy ) 
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compressed from above downwards. The orbits are large and approach near 
to one another. 

In the Carnivora vera the spine of the scapula is situated at about the middle 
of the outer surface of the bone. The acromion is usually well developed, some- 



Fig. ^2.—Section of the left auditory bulla and surrounding bones of a Bear (Ursus ferox). 
a, m. ex ternal auditory meatus; B. 0 . bosi occipital, Car. carotid canal; e Eustachian canal; 
Sq. squamosal; 7 \ tympanic; t. tympanic ring. (After Flower.) 

times with a metacromion. The coracoid process is very small. The clavicle 
is never complete, sometimes entirely absent. There is a supra-condyloid 
foramen in the Cats and some of the other groups, not in the Dogs or Bears. 
The scaphoid and lunar are united (Fig. 533). There is no separate cen- 



Fib. sn—Carpus of Boar {Felis Ud). ph l . proximal phalanx , 

ainertcantn) c cunoi- fk % . middle phalanx; ph # . ungual 

fnini, m magnum, p pi&iform, phalanx, 0, the cential portion forming 

t * ladial sesamoid; a Lb capho the internal support to the homy claw, 

lunar, Id. trape/oid , tm. trapez- It, iho bony lamina reflected around the 

mm, v line ifm m (\fter Flower) base of the claw. (\(ter Flower) 

tralc. Usually a radial sesamoid is present, 'lhere are live digits, though the 
pollex may be reduced in size, as in the Dog, and it is vestigial in the Hyaena. 

The pelvis is long and narrow. In the tarsus all the ordinary bones are 
developed. The hallux is fully formed in the Bears, etc., but shorter than the 
other digits. In the Cats and Dogs it is represented only by a vestige of the 
metatarsal. 



Tig 535 b —Skeleton of Seal (Pkoca ntun* a f \fter BlainviUe ) 
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In the Pinnipedia. (Fig. 535 ) Iwth acromion and coracoid arc short, and 
the scapula is curved backwards; there is no clavicle. The bones of the 
fore-limb arc short and stout; llie humerus has a prominent deltoid crest; 
there is no foramen above the inner condyle. The ulna is greatly expanded, 
at its proximal, the radius at its distal, end. The manus is broad and expanded. 
The scaphoid and lunar are united to form a scapho-lunar. The ungual 
phalanges are nearly straight, slender, and pointed. The ilia arc short; the 
symphysis pubis is short and without firm union of the bones. The femur is 
short, thick, and flattened. The fibula and tibia arc commonlv ankylosed 
proximally. The calcaneum is short and usually without a distinct calcaneal 
process; the lateral digits are usually the longest. 



lie* 5 jG Killer ((hta gladiatot) ( 4 ftcr fine) 


Ordfr Cetacea 

Modem Whales first occur, with an appaient suddenness, in the early 
part of the Miocene, with all the cetacean peculiarities of skeleton fully adapted 
to their completely marine life, and so far advanced in evolution as to hide 
those characters which would give information as to tlicir original land- 
living ancestors. An earlier Loccne evolution (the Archa»ceti), ot uncertain 
relationship to modern forms, hardly tells us moic, except for some slight 
indication of a possible Creodont ancestry. 

Modem Cetacea are characterised by the adaptation of many of their 
anatomical characters to their special mode of life. Some of these structures 
are new, some are normal mammalian structures much modified, and some 
are entirely lost. Examples in the first cal egory are: the formation of a thick 
layer of fat, the " blubber ”; the horizontally expanded tail-flukes (Fig. 536); 
the dorsal fin; the breaking up of certain arteries into retia mirahlia \ the 
intranarial epiglottis, the whalebone or “ baleen ” oi the Whalebone Whales; 
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the extra digits (hyperdactyly) and extra phalanges (hyperphalangy, Fig. 537), 
both means ot enlarging the surface of the paddle, are a common feature 
in the order. Of characters that have been modified from the normal may 
be mentioned the great obliquity of the diaphragm and its powerful muscula¬ 



ture ; the enclosure of the proximal elements of the 
fore-limb inside the body, and the alteration of the 
hand to a skin-covered paddle; the peculiar shape of 
the scapula, with its well-developed forwardly directed 
achromion process and absence of spine; the non-lobu- 
lated liver and lungs, and the division of the stomach 
into as many as four digestive regions. The whole 



Fig. 537—Dorsal surface Fig. 518—Skull ol Dolphin (Olobtoeephalm), sagittal 

of bones of the right anterior section, a. angle of mandible, an external nans; A. 5 

limb of eioUoephalni melts, oh-sphenoid; bh basi-hyal, II. U basi occipital; B. S. basi 

the round-headed Dolphin sphenoid; ed. condyle of mandible, t p coronoid process, 

showing hyperphalangy. < f.*. 0 ex-occipital, hr. frontal. 1. /’ interparietal, ML. 

cuneiform, H. humerus l mesethmoid, A f*. maxilla, Sa nasal. Pa parietal, Per 

lunar, R. radios. s scaphoid, periotic, PI. palatine, Pid* piemaxilla; p. n. posterior 

td tiaperoid, V ulna ,u unn- liaies, P.5, presphenoid, Pt. pterygoid, t. h. stylo-hyal, 

form (From Cambndgt No* 5. O supra occipital Sq squ.unosal, I. A. tliyro-hyal, Vo. 

luralHutorv.) (AfterFlower.) vomer. (After Flower) 


skeleton is naturally much modified. The skull has a greatly elongated facial 
and dorsoventrally compressed facial portions, the nasal openings, often asymme¬ 
trical, are placed far back on the upper surface of the head; the tympanic bulla 
is loosely attached, and the cranial bones in general are much modified in shape 
(Fig. 538). In the vertebral column the cervical vertebra are shortened, com- 
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pressed, and, except in the Platanistidae, are fused together into one mass (Fig. 
539). The sternum is reduced The features that have been lost arc: hair, 
except for a very few facial bristles, finger-nails, except for traces in the foetus; 
external ears; all skin-glands; the lachrymal duct 
and nictitating membrane in the eye, the tubercles 
of the ribs; the odontoid process and the arti¬ 
culating processes (zygapophyses) between the 
vertebrae, the entire sacrum and, except for 
traces, the hind-limbs Of all mammals the 
Cetacea show the greatest deviation from the 
■ normal. 

The order falls into three sub-orders: the 
Archaeoceti, Odontoceti, and the Mystacoceti. 

The first-named sub-order consists of three 
families of primitive whales: the Protocetidae, 

Zeuglodontidae (or Basilosauridae), and Doiu- 
dontidx. The Protocetidae (Prctocetui and Pro- 
zeuglodon) are known from the Middle and Upper 
Eocene of Egypt, and are of some interest in 
that the dentition in Protocetus (Fig S40) still 
shows a division into three incisors, a canine, 
three premolars, and three molars. The cheek¬ 
teeth have bee ome elongated and sectorial, but one 
at least—the thud premolar—has retained an 
inner tubercle and js somewhat reminiscent of a creodont tooth. Prozeuglodon 
has evolved still further, and the anterior teeth are simple cones, and the 
postenoi, which, however, aie still two-rooted, are elongated, with secondary 
serrations I'oi the rest the skull and skeleton, as far as is known, have ad- 



1 10 540 —Palatal aspect of skull of Protocfttuft. 


vanced a long way towards the Cetacea n typc. The Zeuglodontidse ( Zeuglodon, 
Fig. 541) became unusually elongated, and were clearly a side-line, the Doru- 
dontide ( Dorudon ) were shorter-bodied and persisted till the end of the Oligo- 
cene. While the Arclucoceti arc definitely Whales, they are more primitive 
in some respects. The head, for instance, has the front part elongated, as in 



1 Hr 539 —Section through 
middle line of united cervical 
vertebrae of Greenland Right 
Whale (Balana myatfeetni) a 
vertebrae of C.reonland Right 
Whale (Helena mntioetaa). «. 
articuldi surface for ccmdyle; e 
ephysis of seventh cervical; sn 
foramen in atla* for first spinal 
nerve, 1-7, arches of cervical 
vertebra. (After Flower) 
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other Whales, but the cranial part is not compressed and the skull-bones bear a 
more normal relationship to one another that is the case in later forms. 

The Odontoceti, or " Toothed Whales,” are represented at the present day 
by the Iniidae and Platanistidae, Fresh-water Dolphins of South America and 
the Orient which retain a larger number of primitive characters than do other 
Whales, as, for instance, the free cervical vertebrae, each of considerable length; 
the interlocking processes of the thoracic vertebrae; the double-headed 
anterior ribs; the relatively simple hand with no increase in the number of 
digits or phalanges, etc. The Physeteridae (Physeler, the Sperm Whale), Ziphiide 
(Ziphius, Hyperoodon, Mesoplodon, " Beaked Whales,” " Bottlenose,” etc.) 
whales with a much-reduced dentition; the Dolphinidae (a large group of • 
many genera including Porpoises, Dolphins, the ” Narwhale," etc.). The Agoro- 
phoridae and Squalodontidae are two extinct families, the first Oligocene and 
the second Miocene. 

The general characters of this sub-order arc the possession of teeth, which 
with the exception of the Ziphiidae, are numerous and liomodont. Whalebone 
is not formed. The skull shows a varying degree of asymmetiy; the external 

Fir. 541 — Zenglodon from Homer, after Gulley. 

nostril is single; the upper jaw is broad posteriorly, and in part overlaps the 
frontal bones. The anterior ribs usually have both capitulum and tuberculum. 
The sternum is formed of two or more stemebne. Tlu* mandibular rami are 
flat and united by a linn symphysis. 

The Mystacoeti or “ Whalebone ” whales apjicared later in time, the modem 
families not being known until the close of the Miocene, and the sub-order 
has none of the primitive characters shown by many of the Toothed Whales. 
All teeth have been entirely lost except tor a non-functional set in the embryo, 
and their place has been taken by the characteristic whalebone; the mandibular 
rami are strongly arched and are not united by a symphysis; the sternum has 
become reduced to a single bone, and the ribs articulate with the vertebra' 
by the tuberculum only. 1'he skull is symmetrical and the external nasal 
oj>ening is double. 

'Hie group is classified in three iainilies: the (^etotheriuke, a Miocene evolu¬ 
tion in which the compression of the skull had not proceeded as far as in the 
later forms; the Halamopteridx ('“ Fin-Whales,” c.g., BaUena tnysticetus, the 
Greenland Whale; Neobalana margimta, the “ Pigmy Whale ”; and the Baken- 
opteridae (Balanoplera, the ” Rorquals ”; Megaptera, the " Humpback ”; 
Rachianectes, the "Grey Whale,” etc.). 
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Skeleton of Cetaeea — In the Cetacea 
the cervical region (Fig. 542) (cerv.) is 
always very short, and the constituent 
vertebrae are often completely fused 
together into a continuous bony mass 
(Fig. 539), or the atlas alone may be 
separated from the rest; but sometimes 
all the vertebrae are complete and 
separate. In the latter case they have 
small arches and long transverse pro¬ 
cesses consisting of two narrow bars 
with a wide space between them. The 
epiphyses arc very distinct discs which 
often remain separate from the bodies up 
to a late period. Hie neural spines are 
well developed. The zygapophyses are 
not well developed, and are absent in 
the posterior portion of the trank. In 
the absence of hind limbs there is no 
sacral region. The caudal region con¬ 
sists of numerous vertebra beneath 
which, opposite the intervertebral 
spates, are a senes of chevron bones 
(chev.). 

In the Whalebone Whales only one 
pair of ribs articulates with the sternum, 
and none articulates with the body of 
the vertebra, but only with the trans¬ 
verse processes In the Toothed Whales 
only a small numlter are connected 
with the sternum, sometimes through 
the intervention of intermediate ribs, 
and a few of the anterior only, in most 
cases, artieulale with the bodies of the 
vertebra*; but in some a greater number 
articulate with both transverse pro¬ 
cesses and bodies by distinct tubercles 
and heads. 

The sternum varies in shape Some¬ 
times it consists of a prestern um and 
a series of several stemebra without 
xiphistemum; sometimes (Fig. 543) 
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it is a continuous plate of bone, occasionally with median notches or 
fontanelles. 

In the skull (Fig. 53d) the brain-case is rounded, the jaws greatly elongated, 
often unsymmetrical. The parietals (Pa.) do not meet in the middle line above 
in most Cetacea, being separated by the supra-occipital ( 5 . 0 .) and an inter¬ 
parietal (/. P.); there is thus no sagittal suture. A large supra-orbital plate 
is developed from the frontal. There are large and stout zygomatic processes 
of the squamosal, but the jugals are extremely small. In all The recent forms 
the maxilla (AT*.) is very large and extends backwards to overlap a good deal 
of the frontal, and forwards nearly to the extremity of the snout; while the 
jiremaxillse (P.Mx.), which are long narrow bones, bound but a very small 
part of the oral border of the upper jaw. The nasals (No.) are very small. 
The tympanic bone is very large, and is sometimes fused with the periotic 

(Mystacoceti), sometimes not (Odontoccti). 
The lower jaw is remarkable for the absence 
of an ascending ramus. 

The scapula in most of the Cetacea is 
very broad and flat, expanded into the shape 
of an open fan. The spine is usually situated 
close to the anterior border, sometimes 
coalescent with it. The acromion is curved 
and flat, the coracoid also compressed and 
parallel with the acromion. In some, both 
acromion and coracoid are absent. There is 
never any trace of a clavicle. The humerus is 
short and very stout; the head freely movable 
in the glenoid cavity; the distal articulating surfaces are flat and oblique, meet¬ 
ing at an angle. The proximal ends of the radius and ulna are so firmly united 
with the humerus as to allow of very little movement; at the distal end there 
are no complete synovial membranes. The manus is extremely modified. 
There are no synovial joints; the carpus is in some (Whalebone Whales) 
almost entirely cartilaginous, as also are the mctacarpaLs and phalanges—the 
cartilages being coalescent or separated by intervals of fibrous tissue: in some 
of the carpal elements bone is deposited. In the Toothed Whales the caipals 
are completely ossified, and are of polygonal form: the phalanges are also 
ossified, with incomplete synovial articulations. In the Cetacea there are 
sometimes five digits, sometimes only four: a few species have considerably 
more than the normal number of phalanges -sometimes as many as fourteen 
(hyperphalangy). The second digit is usually the longest. 

_ Vestiges 0 f the pelvis are present in the form of a pair of long narrow bones 
(Fig. 543, pelv.) which lie parallel with the spinal column some little distance 
below the region where the chevron bones begin : these appear to represent 
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the ischia. A second pair of smaller bones which lie close to these in the 
Whalebone Whales are apparently vestiges of the femora, and there may 
be additional vestiges representing the tibiae. 


ORDERS PERISSODACTYLA AMD ArHODACIYLA. 

These two orders were formerly grouped together as the " Ungutata vera,” 
and distinguished from other hoofed animals which were called the " Subun- 
gulata.” This classification no longer holds, and the two orders are considered 
to be entirely separate, and to have arisen from different pre-Eocene ancestors. 

• A comparison of a typical Perissodactyl and Artiodactyl, such as a Horse and a 
Cow, shows a number of anatomical differences sufficient to prove that the two 
orders are fundamentally different. 

In the skeleton the most noticeable difference lies in the structure of the 
feet, from which the orders take their names. In the Horse the axis of the foot 
passes down the third digit, in the Cow it passes between the third and fourth 
digits. The first is a mcsaxonic foot, the second paraxonic ([>. 644). The 
utmost reduction that can take place in the number of toes in a Perissodactyle 
is three. (The Horse, although functionally one-toed, is anatomically three¬ 
toed, with the second and fourth toes represented by the splint bones.) In the 
Artiodactyles the number of toes, as in the Cow, can be reduced to two—the 
third and fourth. The tarsus shows points of difference. The shape of the 
astragalus (p. 649, Pig. 609) is in each case diagnostic and, apart from the 
fusion of several of the tarsal bones in some Artiodactyles winch never occurs in 
the Perissodactyla, the artiodactyle cuboid always has an articulating surface 
with the calcaneum, which is distinctive (Figs. 6 oz, 6n8). 

Among other differences the following may be quoted as examples. The 
Perissodactyle has a third trochanter on the femur, twenty-two or twenty- 
three dorso-lumbar vertebra, and a peg-like odontoid process on the axis 
vertebra. The Artiodactyle lacks ,1 thud trochanter, lias uniformly nineteen 
dorso-lumbar vertebra, and a spout-like odontoid process. 

Some, but not all, Perissodactyles and Artiodactyles have a complete post- 
orbital border. When this is present, its composition differs in the two orders. 
In the Horse (Fig. 544) a process of the squamosal runs between processes of 
the frontal and jugal. In the Cow (Fig. 545) the posterior rim of the mbit is com¬ 
pleted by tlic frontal and jugal processes alone, and the squamosal is excluded. 
In the dentition the trend of evolution in the Perissodactyla has finally resulted in 
almost complete molarisation of the premolars, in the Artiodactyla all premolars 
except occasionally the fourth aic simpler than the molars. True horns with a 
bony horn core never occur in the Perissodactyla. Artiodactyla usually have 
a gall-bladder and a more or less complicated ruminating stomach. These 
structures never occur in the Perissodactyla. 
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Fig. 544.—Fart of Horse's skull, showing the structure of the jugal arch. 
For temporal read squamosal. (After Wood-Jones.) 



Fig. 545.—Fart of Cow’s skull, showing the structure of the jugal arch. 
For temporal read squamosal. (After Wood-Jones.) 


Both orders occur definitely for the first time in the Lower Eocene. The 
Artiodactyla still flourish in some abundance. The Perisso'dactyla, on the other 
hand, are much reduced from their former numbers and, but for protection, 
some might soon become extinct. 
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Order Perissodactyla. 

This order arose from some member of the Condylarthra, and by the 
beginning of the Eocene had already divided into its five main lines of evolution: 
the Equoidea (Equidae and Palaeotheriidfc); Rhinocerotoidea (Rhinocerotidae 
and Lophiodontidfle); Tapiriidea (Tapirs); Titanntheroidea (Titanotheriidse) 
and Chalicotheroidea or Ancylopoda (Chalicotlieres). 

With tlie main ordinal features as mentioned above held in common, these 
five sub-orders, the earliest representatives of which show a good deal of 
resemblance to one another, began to evolve on adaptive lines of their own, 
so that the terminal species of each sub-order acquired each a very different 
"’external appearance. The different trends of evolution are concerned chiefly 
with the structures of the. feet and the teeth. If the teeth of Hyracothrrium , the 
earliest known Horse; of Hotnogalax, a Tapir; of Eotitanops, a Titanothere; and 
of Hyrachyus, a Rhinoceros, be compared, it can be seen that all start on the same 
general plane, with low crowned teeth, with premolars simpler than the molars, 
and with the six original cusps of the upper molars still dearly traceable. 
Closer examination of the molars, however, shows that beginnings of differences 
which ultimately lead to great differences in the final result (Fig. 546). In 
Hyracotherium, which has the most primitive teetli of any Feiissodactyle, the 
protoconule and mctaconule arc only just beginning to elongate towards the 
paracone and metaconc, and these two outside cusps are beginning to elongate 
111 the anterio-posterior to form the beginning of an ectoloph. In Eotitanops, 
the intermediate cusps and the hypocone do not progress, but tend to disappear, 
the protocone is large and remains bunoid, while the paracone and metacone 
form a precodously enlarged ectoloph with a strongly marked W outer border. 
The Chalicotheres have a similar type of tooth-structure. Hotnogalax shows 
already the tapiroid structure, of a bilophodont tooth in the joining of the 
protoronc, protoconule, and paracone into an anterior transverse crest and the 
hypocone, mctaconule, and inetarone into a corresponding hinder crest; the 
ectoloph is hardly developed. Hyrachyus, the earliest Rhinoceros, is like the 
Tapir in forming transverse crests, but the ectoloph is moie strongly developed 
and is produced into a characteristic metaloph behind. 

The Horses gradually evolved very liypsodont teeth, tlic Rhinoceroses rather 
less so, but in both cases a deposit of cement was acquired in the deep valleys 
between the cusps though to a much less degree in the Rhinoceroses. All other 
Perissodactylcs retained more or less brachydont teetli in which cement was not 
formed. 

In all Perissodactyla the prcmolois arc at first simpler than the molars. 
During the course of evolution all the premolars, with the exception of the 
first, invariably became molariform. 

In fool-structure the Horses became iunctionally monodactylous. The 
Titanothercs, Tapirs, and Rhinoceroses show a less degree of reduction, while the 
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Chalicotheres evolved a very aberrant foot-structure of their own. Details 
of the tooth-structure for each sub-order are given in Fig. 546. 

Sub-order Equoldea. 

The Horses present one of the most completely known pbylogenies of any 
Vertebrates. In a condensed form it is as follows. There was a progressive 
increase in size and in height from the ground, due to a lengthening of the distal 
elements of the limbs, an adaptation to an increase in speed. In the feet, 
starting from a condition with four toes in the front-foot (there is no trace of a 
first digit, or thumb, in any Peris&odactyle) and three sub-equal toes in the hind- 
foot, together with traces of the first and fifth digits, represented by nodules 
of bone, a gradual change took place whereby the central digit in both feet 
became progressively longer and stouter, the lateral digits became thinner, 
failed to reach the ground, and finally became reduced to splint-bones. The 
ulna and fibula became reduced to their proximal lialves only and progression, 
at first sub-digitigrade, became unguligrade. In the skull the profile of the top 
of the head became changed from a straight to a convex line, and the facial 
part in front of the orbits became elongated. Up to the stage of Mesohippus 
the post-orbital bar was incomplete; after that stage it became complete and 
progressively stouter. The teeth progressed from a brachydont and almost 
bunodont to a very hypsodont condition, with an increasing complication of 
pattern, and the molars eventually acquired a coating of cement on the out¬ 
side of the tooth as well as in the deep hollow s between the cusps. The canines 
became proportionally smaller, and the premolars, at first simpler than the 
molars, gradually became molariform and, in size, ultimately actually larger 
than the molars. A cingulum round the cheek-teeth, characteristic of the 
earliest forms, was soon lost. 

A series of species can be selected to show these changes (Fig. 547), but 
the picture thus presented is only a partial one. Evolution did not proceed by 
a series of large jumps from the earliest tyj>e to the modern Horse—the progress 
was gradual. Moreover, there was not a single line of evolution of one genus 
succeeding another, but a continual branching off of side-lines, the majority of 
which, after varying periods of existence, became extinct (Fig. 54 ^)• It is not 
always easy, among these branches, to trace the actual line of descent of the 
living Horses, though a reasonable approximation to the truth is probable. 

Horses appeared first, with other Perissodactyla, in the Lower Eocene of 
Europe and North America in the genus Hyracotherium (the American species 
being placed in the genus Eohippus, which is not really distinguishable). In 
Europe during the Eocene there was an expansion of lines from Hyracotherium, 
ill of which became extinct by the Oligocene at latest. These show varying 
'ales of evolution, some, such as Lophiolherium, having the premolars pre¬ 
cociously molarised, others on the contrary, while increasing in size remained 



THE EVOLUTION OF THE HORSE 
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Fig 547.—(\fter W. D. Matthew } 
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non-progressive in their teeth. One gioup, the Paleotheres, departed alto¬ 
gether from a normal horse-evolution, and ended up in the Ohgocene (Palao- 
therium ), the size of a Rhinoceros, with the lateral t ocs unreduced, with molarised 
premolars and a dentition comparable to a much later horse such as Anchu 



therium, and with recessed nasals showing tlie possession during life of a tapir- 
like proboscis. In all these cases the stage of evolution was out of phase, 
either too advanced on one character or too retarded in another to be directly 
ancestral to later horses. No further horses occurred in Europe until the 
Miocene. 

vou n 2 Q 
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Meanwhile m North America Hyracotherium (or Eohippus), of which genus 
a considerable number of species has been described, evolved by small increments 
in height and by a progressive molarisalion of the prcmolars, so that by the 
Middle Eocene a new' genus, Orohppus, can be recognised. In the Upper 
Eocene Epihippus replaced Orohipptts, which is still more advanced. It is, 
however, questionable it it is a direct descendant of Orohippus, and there is here 
a gap in our knowledge, but, on the whole, the American horse genera during the 
Eocene formed a more direct line than those of Europe. In the succeeding 
Oligocene, Horses were represented in America by the genus Mesohippus, which 
had increased to the size of a sheep; the feet were three-toed, with the lateral 



Fig. 549.— BnrohaU’a Zebra (7 quus burchelh) 
(From the Cambridge Natural History ) 


toes touching the ground, the median digit having liecoine enlarged. All 
premolars except the first have now become molanfonn. Towards the close 
of the Oligocene another genus ( Mtohippus) ) arose, which is found together with 
the later species of Mesohippus, but insisted into the Miocene after the ex¬ 
tinction of the parent genus. During the Miocene there was not one line of 
Horses but several existing side by side, all of them derivable from Mtohippus- - 
e.g., Kahhatippus, Archaohppus, Hypohippus, and Anchithenum (a genus 
which suddenly appeals in Europe as an immigrant from North America). 
All these side-lines became extinct, but another genus, Paruhippus, derived 
directly from Mesohippus persisted till the end of the Miocene, and during that 
time gave rise to the genus Merychippus. In this genus the teeth rapidly 
elongated in the sockets and there was formed a heavy deposit of cement not 
only between the cusps, but on the outside ot the tooth as well. Merychippus 
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m turn gave rue to a numbei ot linos, including the world-wide genus Htp- 
parton, and to Protohppui and PliohiflPm, winch at the end of the Pliocene 
produced the genus Plestppui, the direct ancestor of the modem Horse 

In South America at the close of the Pliocene and during the Pltistocene 
there was a separate evolution of Horses leprcsentedby the genera Hippiiutm, 
Otiohipptdtwn, and Parahipparum {Hvpcrhippidturn), all cleaved from Plio- 
hippus, and characterised by very long and slendci nasal tones These 
genera did not survive the Pleistocene During the Pleistocene all Hordes in 
Noith and South America became extinct, and the sub-order was earned on in 
the Old Woild At the present lime, apait from domestic breeds, the only 
wild Equidae arc represented by L prezevalskn of Ccntial Asia, L aswtis, the 
Wild Asst s of Africa A hevuonm,, I otutjer, and ? heimppir:, three species 



I ig 550 —Indian Rhinoceros {hhtnocnos induus) 

(I rom the Lamltndgc Nntut 1 1 History ) 

of Oriental Wild Asses ind linilly foui stnpccl spent s of Afrua Lquus (or 
Hippottgm) the Zebras (tig 544) 

The table (Fig 548) gives a list of the gent 1a of Equoidca, then appeal am e 
in time, Ihcir di&tubution, and relationships 1 

bub oidtr Rhinorerotoidca 

The Rhinoceroses are reduretl now to live species A’ itnuornis (the one- 
liomcd Indian Rhinoceros) (lig 550), R wniaicus (the Javan Rhinoceros, 
also one horned), R sumairenst^ (the Sumatian Rlunoeeios, two-homed and the 
smallest living species), R bicotni > (the Afucau Rhinoceros, two-homed), 
and R limits (the " white," 01 Squaie-hpped Rhinoceros of Africa, also two- 

1 1*or fuller details and for slightlv different views as to the it tml liut of descent of tht modern 
Hoiseh see W D Matthew (no joi) and O Abel (no Mi) 1 or an account of the Horse* oJ 
North Amend from the Oligot eue onwards sc c II 1 Osborn (no 107) 
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horned). During the Oligocene to the Pleistocene periods the rhinoceroses 
formed a large, varied, and important group. The characteristic tooth* 
structure has already been mentioned. The feet are never reduced to less 
than three functional toes on each foot. Two or one horns may be present, or 
they may be entirely absent. In some cases horns were confined to the males. 

The sub-order, soon after its beginning in the Lower Eocene, divided into 
four main lines of evolution: the Hyrachyidx (the most primitive forms), 
Hyracodontidae (light cursorial animals), Amynodontidse (characterised by a 
great reduction of the premolars and enlargement of the molars). These three 
families became extinct during the Oligocene period, while the fourth, the 
Rhinocerotidae, beginning in the Eocene, spread out into many lines during the 
Oligocene and subsequent periods until the Pleistocene, after which time the 
sub-order became much reduced. The Rhinoceroses were a very polymorphic 
family, and there is still much uncertainty as to their classification and as to 
the line of evolution of the living forms. In certain cases genera can be dis¬ 
tinguished by some peculiar character, as, for instance, Elasmotherium, a large 
Pleistocene animal with a large forwardly directed fronto-nasal horn and with 
the enamel of the cheek-teeth much folded; Baluchitherium, a Miocene 
rhinoceros with persistantly primitive teeth and procumbent lower incisor 
tusks, the largest known land animal standing eighteen feet high at the shoulder; 
Chilotherium, a Pleistocene genus with an unusually broad symphysis of the 
lower jaws, etc. 

The Lophiodontidae were members of an Eocene to Oligocene evolution 
with characters intermediate between the Tapirs (with which they are sometimes 
placed) and the Rhinoceroses. The cheek-teeth were bilophodont, like the 
Tapirs, but with a metaloph more like that of the Rhinoceroses. 

Sub-Order Tapiroidea. 

During the Eocene period a number of small tapiroid forms evolved, which, 
like the European Eocene horse-lines, became extinct. A line, however, can 
be traced leading to the living forms, although the number of genera and species 
is comparatively few. Hie forest-living and solitary habits of Tapirs have no 
doubt militated against their frequent preservation as fossils. 

Originally the distribution of the group was widespread over the Old and 
New Worlds, but now it is restricted to one species in the Old World (Tapirus 
indteus of the Malay Peninsula, Borneo, and Sumatra), and to four New 
World species (Tapirus americanus (Fig. 551), and roulini t and Elastnognathus 
bairdi and dmi). 

Of all living Perissodactyla, the Tapirs are the least specialised. The feet 
have stout digits, four in front and three behind, the third digit in each case 
being somewhat enlarged. The skull has no trace of a post-orbital bar, the 
anterior nasal openings arc enlarged and recessed, and the nasal bones small and 
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pointed upwards in eon-elation with the pioboscis, which is characteristic of the 
group. The teeth are persistently br.ichydont and without cement. The 
molar teeth are bilopliodont and devoid of any com piir.it ion in the way of extra 
cusps or crests. Modern Tapirs seem to have stayed in a stage of evolution 
proper to the Miocene period. 

Sub-Order 1 itanotheroidea (or Brontoiheroidea). 

The Titanotliercs 1 in their day were a large and important group and, 
although known chiefly from North America, had actually a wide distribution, 
species having been found in Mongolia, Burma, and one in Europe The sub¬ 
order was polyphyletic, and a number of lines developed with differences of 



Tig 551 - American Tapir [1 apivu s Inrestns) (1 rum the. Camfjndqe Natural Ht story ) 

proportion in the skull, skeleton, and teeth, but in many cases showing also 
parallel development in unrelated lines in the bony nasal " horns.” 

The terminal species al tamed to a great sue, as much as eight feet at the 
shoulder, but in spite of some specialisation of shape, all remained essentially 
undeveloped. The bi.im remained small for the sire of the body, the skull long 
and low, and the feet letaincd foui rather unmodified digits in front and three 
behind. The dentition (Fig 546) was evolved m a direction that appears to 
be inadaptive and incapable of chewing hard grasses, a condition that may have 
played a contributing part in the extinction of the sub-order. In the upper 
molars the pi ot01 one remained a round but large cusp, the hypocone the same 
but smaller, the protoconulc and mctaconule disappeared, while the para- 
and metacones became greatly enlarged, and together formed a high, W-shapcd 
outer wall. The premolars remained lather small and less molansed than in 
other Pcrissodactyla 

1 For a very full account of these animals sen 11 1 * Osborn, * The litanotheres of Ancient 
Wyoming, Dakota and Nebraska.'* lwu volumes Washington, 1929 
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The earliest Iilanotheres to ap\>car wnc Umbdothmum, <i genus that left 
no successors, and hotiiamps, both of the Lowci Eocene; through the Middle 
and Upper Eocenes there arose a number of phyla until the sub-order cul¬ 
minated in the Lower Oligocenc in such large animals as Brontotheriim 
(Fig. 532), Embolotherium, Megacerops, and others. In North America none is 
found later than the Lower Oligocene, but some, found in Mongolia, have per¬ 



sisted into the Middle Oligocenc after which time the litanothcres appear to 
have roinc to an end. 

Sub-O)det (hahiotheroidea «•/ Amvlnpoda 

This sub-order shows much resemblance to the last in tooth-structure and 
pattern, but is characterised by .111 unusual foot-structure for a Perissodactylc. 
There are three functional toes on each foot, the front foot bearing, tn addition, 
a splint of the fifth digit. The digits are subequal, and the toes bear, instead 
of hoofs, stiong claws which resemble those of some of the Edentata. 

Examples aic known from the Eocene to the Pleistocene from North America 
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(e.g., Etmoropus, Moroput ); and fiom Europe, Asia, and Africa (e g, Chali- 
coihmutn (Fig. 553), Macrothenum, Schizotkmum) 



In iii * -Ohatieothenmn. 

Okdir ARiiumcniA 

11 ns older, the chief ordinal characters) of which 
have aliead\ beer mentioned, is lepresented at the 
jnesent time b> such animals as Pigs, Peccaries, 
Hippopotami, ( amcis, (iiiatfes, Sheep, Oxen, Deer, 
Antelopes, etc In the past there were, m addition, 
many forms that have become extinct, and the 
oulcr, as a whole, is largci and mote vaiud than 
tin* Peussodactyla, and the division between its 
snb-onleis deeper and more marked. 

Wlule the classification of the living forms 
into two main sections the* “ bunodonts " (Pigs, 
lefTfmefoot JSfswtt™’ P<*ocanes, and the Hippopotami) «nd the '* selcno- 

elonts" (the lemaindei of living Artiodactj les) 
presents no gieat dilluultv, to discover their origin and relationships to one 
anothei and to the many important extinet forms is by no means easy, and 
there is at present no complete agreement as to the conect position of some 
of the families 
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The earliest known Artiodactyla are represented by the genera Diacodexis 
and Homacodon of the Lower Eocene, very primitive animals with the 
upper molars still in the tritubercular condition, but whose paraxonic feet 
and diagnostic artiodactyle astragalus (Figs. 604 and 606) at once 
betrays their true zoological position. They form part of the super-order of 
Bunodonta. 

A working classification of the order, based on a combination of foot- and 
tooth-structure, is as follows. There are four super-orders—the Bunodonta, 
Ancodonta, Tylopoda, and, largest of all, the Pecora. The Bunodonta are 
characterised by having rounded cusps on the teeth, and are further divided 
into two superfamilies, the Dichobunidoidea, Dichobunidae ( Diacodexis , 
Homacodon, Dichobune, etc., none of which persisted beyond the Oligocene at 
latest). The teeth of these animals vary from the tritubercular up to molars 
with the typical six cusps, and the Entelodontidae (which had didactyl feet) 
with four cusped upper molars. Some species of this family reached a 
large size. 

The second superfamily, the Suoidea, is characterised by having more 
specialised teeth. The canines are triangular in section and at times become 
stout tusks; the molar teeth, while retaining bunoid cusps, have secondary 
cusps added to the original pattern. This group contains the Tagassuidac or 
Dicotylidae (the Peccaries), the Suidse (Pigs), and the Hippoputamida;. The 
feet always have four toes. 

The Ancodonta, a sub-order now entirely extinct, consists of four-toed 
animals with teeth that range from a buno-sclenodont to a fully selenodont 
pattern, and from five to four cusps, the hypocone invariably being absent. 
The position of the protocone, usually on the anterior border of the molar, 
has in one family—the Cainotheriidse—migrated to the hinder bordei, where it 
takes up the normal position of the hypocone. The four families of the Ancn- 
donta are: the Antliracotheriidsc, animals from the Mze of a rabbit up to large 
species, as Anthracothcrium itigens, the size of a hippopotamus. The Anop- 
lotheriidae are a family not far removed from the last, but have only three 
functional toes, very elongated premolars, and small canines. The Caino- 
theriidse, with peculiar molar teeth, as just mentioned, are a group of small, 
rabbit-sized animals with four short toes, of which the lateral ones barely 
reach the ground. The Oreodontidse, a family entirely North American, where 
it had a long range from the Eocene to the Pliocene, liad four toes, strongly 
selenodont teeth, and the first lower premolar functioning as a canine, the canine 
being incisiform. In some the last premolar liecanie molariform. 

The sub-order Tylopoda, or Camels, form a clearly defined section. Starting 
with the Eocene genus Xiphodon and the small, but obvious Camel, Poebro- 
therium, of the Oligocene, the characters of the group appeared quite early. 
The feet became precociously didactyl, and the development of the fore and 
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hind digits proceeded at an equal rale. The carpals and tarsals, unlike those 
of the Pecora, have never fused, while the metacarpals and metatarsals soon 
fused into a cannon bone whose distal ends gradually became divergent, with 
smooth« unkeeled, articular surfaces for the phalanges. 

The dentition is peculiar in the living species. In the upper jaw there is 
the full number of incisors in the young state, but in the adult only the third is 
retained as an isolated recurved tooth similar in pattern to the upper and lower 
canines. The full number of lower incisors is retained as procumbent spatulate 
teeth. The premolars are reduced to the last two, and are small. The molars 
are very hypsodont, and their four cusps selcnodont. In the neck vertebra* 
the vertebral artery takes the unusual course of piercing the anterior part of 
the transverse process, instead of traversing its whole length in the usual 
manner. The ruminating stomach is rather simpler than that of the Pecora, 
but is characterised by the possession of water-cells (Fig. 628, p. 666). 

The suborder is now reduced to two species of Camel, ( ainelm dromedanus, 
the one-humped Arabian form, which is no longer to be found in the wild state, 
and C. badnanus, the two-humped Bactrian Camel of Turkestan. In South 
America the representatives are the Llama, Huanaco, and Alpaca, all smaller 
animals without the hump, and all included in one genus, Auchenia. The 
sub-order seems never to have been a large one, but there have been described 
several genera, some of them— as Aliuamelm, a " Gxraftc-necked " form—off 
the main line of descent 

The sub-order Pecora. or ‘‘ iuimnants,” forms a very large and diverse 
group characterised bv a few characters held in common, as, for instance, the 
total loss of the upper incisors. The upper canine is also usually lost, but, in 
the rarer cases where it persists, it is much enlarged. Flat, spatulate lower 
incisors arc all present, as is the lower canine, which has the same shape as the 
incisors, and is closely pressed against them. 'J he premolars are smaller than 
the molars, and lhe latter have four crescentic cusps. The feet always have a 
cannon bone. '1 lie la teral toes are usually lost and the feet absolutely didactyl. 
In some cases tlie second and fifth toes remain, but are never complete (Fig. 
601, p. 647). In this group the ruminating stomach attains its highest 
development of four complete chambers (Fig 628, p. 666) and horns, of which 
there are several types, though not always present, reach their greatest pitch 
of structure and size. 1 

The main divisions of the Pecora, ranking as superfamilics, are the Tragu- 
loidea (Chevrotains), Cervoidea (Deer), Giraffoidea (Giraffes), and Bovoidea 
(Prongbucks, Sheep, Goats, Antelopes, Oxen, etc.). 

The Traguloidea are a number of families now represented only by four 
species of the Oriental genus 7 ragulus, the “ Chevrotains ” or " Pigmy I)eer ” 

1 See Childs Frick. f> Horned Ruminants of North America 11 RuUetin, American Museum, 
New York, 1937, lor examples of the variety of horn pattern. 
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These are the most primitive of living deer, and are characterised by the 
possession of much-enlarged upper canines and feet that are less highly evolved 
than the feet of other members of the Pecora, in that the lateral toes of both 
feet are still complete, though slender as is the fibula. The navicular, cuboid, 
and entocuneiform bones of the tarsus, however, are fused together. The 
odontoid process of the atlas vertebra is conical, and not spout-like. The 
stomach has only three instead of four compartments. As a rule there are no 
horns, but they were present in at least one of the extinct families, the 
Protoceratidae. 

The Cervoidea, dating from the Miocene, and perhaps even earlier, are 
contained in a single family, the Cervida, They are characterised by having 
deciduous horns or antlers confined, with one exception—the Reindeer—to 
the males. Horns are absent in only two instances: Moschus and Hydropotes. 
The lateral toes arc nearly always present, but arc never complete. In some 
the distal extremities of the metacarpals are retained (Telemetacarpal condition), 
and in others, including most of the Old-World Deer, the proximal elements 
alone persist (Plesiomctacarpal condition). In both cases the phalanges are 
much reduced in size and do not touch the ground. The skull has two orifices 
for the lachrymal duct and a very large antorbital vacuity. There is no gall¬ 
bladder except in Moschus. 

Moschus and Hydropotes are two rather aberrant forms in sin otherwise 
fairly compact family. Moschus, the Musk Deer, is placed by itself in a separate 
subfamily, the Moschinae. It is hornless, and the male has large upper canines, 
and a gall-bladder is present. Hydropotes, the Chinese Water-Deer, although 
placed in the second subfamily, the Cervinae, differs from them in being hornless 
and in having large up]>cr canines like Moschus, but in all other respects is a 
true Deer. Of the Ccrvinae there are many genera still living in the Old and 
New Worlds, but none in Africa south ot the Sahara. 

In the Girafloidea the horns are non-deciduous, always covered with hair, 
and are simple and unbranched, except in an extinct side-line represented by a 
few Pliocene genera such as Ytshnutheriutn, Sivatherium, and Bramatherium, 
which had hair-covered palmnted antlers. The upper canines are absent, as 
are all traces of lateral digit s, not even the lateral hoofs persisting. The humerus 
has a characteristic double bicipital groove. The group may be traced from 
the Miocene Palaeomerycidae, and is now represented by the Giraffe and 
Okapi. 

The Bovoidea are a compact group with well-defined characters. There 
are no upper canines or incisors, and there is only one orifice to the lachrymal 
duct. Tbe lateral toes are completely absent except for the persistence of 
small hornv hoofs in which there may be a nodule of bone. A gall-bladder is 
present. Horns are universally present in both sexes and, with the partial 
exception of the Prongbuck, are never shed. They are never branched, but are 
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of many shapes: curved or spiral, smooth oi round 1 hey consist ol «i bony 
horn core covered with the horn piopei, which is lonned of .1 substance allied 
to hair. 

There arc two families: the Antilocaprulce, or Prongbucks of North America, 
which are separated from the rest because the outer horn has a backward 
prong and this horn is shed at irregular intervals. The remainder, the Rovidse, 
consist of a large number of forms divided into sublamihes whose boundaries 
are not always very clearly definable 



11& ^4 Hippopotamus {Hippopotamus amphibtits) (From the Cambridge Natural History.) 

Order PxoBOStii>r \ 1 

Except for a remote connection with the bircuia and Hyracoidea, the 
Proboscidea occupy an isolated position. At an early period of their history 
they acquired a number of peculiar adaptive charac ters which at once clearly 
distinguish them from other mammals, although they liave retained to the 
present day several pt rsi&tcntly pnnutive features, such as, for example, 
the pentadactyle hand and foot, a brain in which the cerebellum is uncovered 
by the cerebral lobes (width are, liowevei, well convoluted), permanently 
abdominal testes, and a double vena cava 

Most, if not all, of the specialised featuics of the skeleton cun be attnbuted 
to the interaction of three mam factors: namely, the proboscis, or " trunk," 
the peculiar tusks and dentition, and the great size and weight of the body- 
all icatures that arose early in the evolution of the order. 

The long, prehensile trunk, reaching nearly to tlic ground, made iwssible 

1 I'or ii very full account of the Probosculca see II F Osborn 11 1'loboscidei," American 
Mubeum, 193O. 
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the great shortening of the neck, and Uiis, m turn, gives a mechanical 
advantage in the support of the combined weight of the proboscis, skull, 
and tusks, which may weigh as much as 175 pounds for a single tusk 
in the African Elephant. At the same time an enlargement of the area 
of the skull becomes necessary for the insertion of muscles and ligaments 
of the neck, and tikis has been brought about by a separation of the inner 
and outer tables of many of the bones of the skull, in particular the frontals 
and parietals (Fig. 555). To avoid undue weight, the spaces between the 
tables of bone are filled with air-cells and, incidentally, this has caused an 
obliteration of most of the sutures between the bones. 



tio. 555 —Sec bon of skull of African BLephant (Llcphas afneamts), to the left of the middle 
line, an anterior nates , ME. mebethmoid, pn . posterior nares, Vo vomei (Aftei Flower.) 

The presence of the proboscis has induced a shortening of the facial region, 
a recession of the nasal opening towaids the lop of the head, and a reduction 
in size of the nasal bones similar to the condition seen in the Tapirs, but 
to a greater degree. 1o cany the greal weight of the bead and body, the 
legs, simple in their general plan, have become pillar-like, with a loss of angu¬ 
lation, the carpals and tarsals are serial and compressed and, while the hand 
and foot are still pentadactyle, the digits are short, stout, and united by skin, 
with each toe ending in a small hoof. Progression is digitigradc, the hack of 
the digits being supported by an elastic pad of tissue In the fore-limb the 
ulna and radius are permanently crossed in the position of pronation, and 
the ulna is unique in having its distal articulation with the carpus larger than 
that of the radius. The pelvis has broad ilia and is vertical in direction, an 
dviuptation found in many heavy-bodied animals. Clavicles are absent. 

The dentition is highly characteristic. In more recent Elephants the upper 
tusks, which are the second pair of incisors, arc the only ones to persist, the 
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lower indoors having disappeared during the Mastodont stage of evolution. 
Nor is there any enamel left except for a small cap on the point of the tusk, 
which soon becomes wom off. Prcmolars have not persisted beyond the 
Mastodont stage. Of the six check-teeth the three anterior are milk-teeth, 
which are soon wom down and pushed out at a very early period in the 
Elephant’s life by the three large molars. The remainder of the animal's life is 
served by the three molars in each half of the upper and lower jaws. There are 



Fig. 556.— Skull of a young Indian elephant dissected to show the developing teeth. 

(From a specimen in the University Museum of Zoology, Cambridge.) 

never more than two of the molars in use at one time in each section of the jaws 
owing to their size, peculiar structure, and method of growth. They consist 
of a number of deep plates of enamel-covered dentine bound together by cement. 
The teeth while forming lie at an angle to those in use and are at a higher level 
in the upper and lower jaws (Fig. 556). As they slide down into the position 
of wear they push the anterior teeth forwards until, after being nearly wom 
down, they fall out. 

‘ There are four sub-orders: the Moeritheroidea, Deinotheroidea, Masto- 
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dontoidea, and Elephantoidea, distinguished by differences in the arrange¬ 
ment of the tusks and in the pattern and degree of complexity of the molar 
structure (Figs. 560, 561, 562). 

The Moeritheruidea (Masrithermn, Upper Eocene and Lower Oligocenc of 
Egypt) arc the most primitive proboscideans, showing some points of similarity 
to the Sirenia, but aie probably not directly ancestral to the Elephants. The 
dentition, while showing the beginning of proboscidean characters, is less highly 
specialised. In the upper jaw there arc still three incisors, of which the second 



1 ig 557 MarithenmiL Skull <inr] lower jaws (\ftci Osborn) 


pair are enlarged as tusks, a canine, tluee premolars, and three molars. The 
lower jaw has only two pairs of incisors, the second being enlarged as tusks, 
and lacks the canine (Fig. 557). The molars are bilophodont, except the 
third, which shows the beginning of a third ridge. 

The Deinotheroidea (Deinotherium, Fig. 559) (Upper Ohgocene—Pliocene 
of Europe and Asia) are characterised by the absence of upper tusks and the 
presence of a pair of downwardly turned lower tusks. The molar-teeth arc 
partly bilophodont and partly trilophodont. 

The Mastodontoidea are a large and polyphyletic group with many des¬ 
cribed families, genera, and species. The upper tusks arc large, downwardly 
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turned, and with an enamel band on the outer side only; the lower tusks 
are present in early forms, and are either downturned or procumbent with, 
or without, an enamel band. In later forms they disappear. The molar- 
teeth vary in the number of ridges from three up to as many as seven (in the 
third lower molar) (Fig. 561). In structure the ridges, as compared with the 
true Elephants, are lower, the cusps more separate, and there is no cement 
in the valleys between the ridges. Examples are Patmomastodon (Fig. 558), 
an early form from the Oligocene of Egypt, and Stegomastodon a Pleistocene 
form, etc. 

The Elephantoidea, like the last, are a large and equally polyphyletic group. 
They are characterised by the total loss of the lower tusks and of the enamel 



Fig. 560 -Fundamental Arrangement of the tubk*, or second mcibors m the four sub orders 
of Froboscidea. 1 . Mfluitherinm, the first pair of incisors are present, the second pair forming 
small tusks and both pairs covered by enamel ( 0 ). II. Deinotheriiim. The upper muwrb are 
lost, the lower downturned and bent backward*. No euamel. 111. Bhynchouierilim (a mas- 
todont). Enamel hands remain (e) on the outer sides of the upper-lower tusks LV. Blephas. 
Lower tusks much reduced or, usually, lost. Upper incisors form large tusks. Thu enamel 
except in veiy early form* is lost. lAfter Osborn.) 


on the large upper tu&ks, except at the tip in the young stage. The ridges 
of the molar-teeth deepen and become progressively flattened into plates, 
and the cusps in each ridge become obliterated. Cement is laid down between 
the plates. The ridges, or plates, increase in number to as many as twenty- 
seven. The pattern and the number of ridges are of use in classification, as, 
for example, in the living Indian Elephant (Elephas mavimus. Fig. 562 B) and 
the African (Loxodonta africana, Fig. 562 A). 

The migration of the Proboscidea is interesting. The group appears to 
have originated in North Africa, and then to have migrated to Asia, whence 
a second radiation took place, some spreading over all Asia and Europe to 
North, and finally. South America, while some returned to Africa to spread 
over that continent. 
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Fig 561 —Evolution of the molar tooth in Mastodonts (Aftei Osborn ) 
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Order Sirknia, 

The Mammals of this order, being fully aquatic, present a number of 
structural features convergent with those of the Cetacea, such as the thick, 
almost hairless, skin with an underlying layer of blubber; the loss of external 
hind-limbs; of an external ear, and of the sacrum; the diaphragm, like that 
of the Cetacea, is oblique and very muscular, and the fore-limbs, though less 
highly modified, are paddle-like, and the tail is flattened and either rounded 
or rhomboidal in outline. 

That there is, however, no real connection with the Whales is shown by 
various features. The skeleton of the arm, for instance, is more normal in 




Fig. 562.—Molar teeth of A. African, 13 Indian, Llrjjliant. 


its proportions affljl has the joints complete and the fingers little modified, 
beyond being bound together in a web of skin. The scapula is long and narrow, 
and shows none of the cetacean characters in its shape. The skull and denti¬ 
tion arc specialised, the tympanic bone is ring-shajied, the cervical vertebra are 
not ankylosed, and the whole skeleton is strong and the bone very dense—all 
features which ditter from those of the Cetacea. 

The order is represented at the present day by the Manatees (Trichechus = 
Manaius), which live in the fresh waters, or along the coasts of South America 
and Africa, and the Dugong [Duf>on(> ~ Hahcore) (Fig. 563) of the Oriental and 
Australian coasts. A third genus and species, Stcller's Sea Cow [Ilydrodatnalis = 
Rhytina), of the North Pacific, only became extinct during the eighteenth 
century. 

The Manatee and Dugong differ in some respects, and are placed in separate 
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families. In the Manatee (Fig. 564) the cheek-teeth are covered with enamel 
and are bilophodont, somewhat like those of the Proboscidea. There is a large 


number of them, up to twenty in each half of 
the upper and lower jaws. They are, how¬ 
ever, not all in use at any one time, but are 
continuously replaced from the hind end. 
The premaxillary region is small and little 
deflected. There are only six cervical 
vertebrae. The fingers have the remains of 
nails. The Dugong, on the other hand, has 
a reduced dentition as far as the grinding- 
teeth are concerned, never having more than 
six, and even these are somewhat degenerate 
and without pattern. The premaxillary 
region is, however, enlarged into a down- 
turned rostrum, and bears, in the male, a 
pair of stout tusks. The anterior part of 
the mandible is covered by a homy pad, 
under which can be found traces of the lower 
incisors. There are no nails on the fingers, 
and there are the normal seven cervical 
vertebrae. 

The earliest Sircnia have bccii found in 
the Prorastomidae of the Middle Eocene of 
Egypt ( Eotheroide* = hothenum) and of the 
West Indies (Prorastomus). The site of 
origin of the order, therefore, and of its 
ancestral form is unknown. The Prota- 
stomidee have a complete eutherian dentition, 
a rostrum but slightly enlarged, the tusks 
small, and although the hind-limbs have 
already gone, the pelvis is but little reduced, 
and the family is clearly more primitive, and 
structurally ancestral to later forms. From 
the Miocene onwards several genera have 
been described diverging along different lines, 
but all showing a progressive reduction of the 
pelvis. All these are united in a sub-order, 
the Tnchechifonnes, to distinguish them from 
a second sub-order, the Desmostyliformes, 
which are represented by a sole family and 
genus Desmosfylus, found in Miocene deposits 



Fig 563 —Skeleton of Dugong (Dugong ausfiaiis). After Blainville 
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of the Pacific coasts of North America and Japan. Its chief characteristic 
lies in the peculiar dentition. There are two procumbent lower incisors, the 
upper being small or absent The molars arc columnar and formed of a 
number of closely oppressed cylinders covered with a thick layer of enamel. 

Skeleton of Slrenla. —In the Sirenia (Fig. 563) the cervical vertebra do 
not coalesce, with the exception of two of them in the Manatee. In the 
Manatee there arc only six cervical vertebrae, and the neural arches are some¬ 
times incomplete. In the trunk the thoracic vertebrae are numerous; all 



Lit. <;(>4 — Section of skull of Iffnnntff (Manat ru v HCfahnn*) 

In addition, / / cthmo turbinal, m l y tympanu (\tter Flower) 

have well-developed facets for the heads of the nbs, and well developed zyga- 
pophyses, T he caudal vertebi * ai e numerous, depressed, with wide transverse 
processes. The nbs are numerous, but few of them are connected with the 
sternum The sternum is a broad bone not comjiosed of distinguishable 
segments. 

The skull (Fig 563) is characterised by its extreme hardness. The cranial 
cavity is rather long and narrow as compared with that of the Cetacea 
Although the supra-oocipital ( 5 . 0 .) is produced forwards on the upper surface 
of the skull for a considerable distance, it does not separate the parietals 
(Pa.) from one another. The frontals develop broad supra-orbital plates. 
The zygoma is stout. As in the Cetacea, the external nares are very wide. 
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but they are relatively farther forwards. The nasals are rudimentary. The 
tympanic and periotic are readily separable from the other bones. There are 
enormous premaxilbe in the Dngongs. The mandible has a well-developed 
ascending ramus and roronoid process (c. p.). 

The scapula of the Sirenia is much more like that of the terrestrial mammals 
than the scapula of Cetacea, and is nchrer that of the Seals; it is narrow and 
curved backwards. The spine is situated about the middle; the acromion is 
directed downwards. The coracoid is fairly well developed, aiul of a conical 
shape. The clavicle is absent, as in the Cetacea. The skeleton of the arm also de¬ 
parts less from the ordinary mammalian type than in the Cetacea. The radius 
and ulna are ankylosed at their extremities. The carpus has seven bones in the 
Manatee: the pisiform is absent. In the Dugong coalescence takes place 
between the carpal bones, so that the number of ossifications is reduced in 
the adult. There are five digits, all of which possess the normal number of 
phalanges. 

The pelvis is represented by a pair or more of vestiges widely separated 
from the spinal column, and having a vertical position : they probably represent 
the ilia. 


Okdek Hvracouiea. 

The Hyracoidea show a most curious mixture of primitive and specialised 
characters, and some, in addition, in wlwch they seem to resemble several 
different oulers of mammals. The living forms of " Coneys ’* are all small, 
rather rabbit-like animals of North Africa and Western Asia, and are included 
in a single family, the Procaviidae ( = Hyracida*) with the genera Ptocavia 
(Ilyrax) and Dendruhyrax, the latter being semi-arborcal forms. 

The feet are plantigrade, with four toe 5- and a vestige of the hallux on 
the front-, and three on the hind-foot; the third toe is longer than the others, 
and all end in small llat hoofs, except the second digit of the lund-foot, which 
has a curved claw. The centrale jxlrsists in the 1 arpus and the astragalus 
(Fig. 609) diflcrs in shape from that of any other mammal, in that the malleolus 
of the tibia has a large flat bearing on it. The clavicle is absent. In the skull 
are several peculiar features. 1 he {Mist-orbital process arises largely from the 
parietal, and the post-orbital bar is complete in Dendrohyrax (Fig. 565), but not 
in Ptocavia (Fig. 566). The jugal is a very stout bone, and extends backwards to 
take as large a share in the glenoid cavity as in any Marsupial. The periotic 
and tympanic are ankylosed together, but not to the squamosd, the tympanic 
forms a bulla and has a spout-like external auditory meatus. The seventh 
cervical vertebra is sometimes pierced by the vertebral artery. The scapula 
is triangular, as in Artiodactyla, and larks the acromion. There are as many 
as twenty-two dorsolumbar vertebra. The radius and ulna are partially 
crossed, as in the Proboscidca. 
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The dentition consists of a single pair of large curved upper incisors grow¬ 
ing from persistent roots like those of Rodents, but which are triangular in 
section, canines are absent, atid there are four premolars and three molars, 
which are lophodont, and in pattern look like the teeth of a rhinoceros in 
miniature. In the lower jaw there are two pairs of incisors, which are spatulate 





Flo 565 — Dendrohyr&x. Skull, upper and lower dentilions The arrow in the lower 

jaw points to a foramen 

and comb-like, as in some Lemurs. The lower jaw has a foramen which pierces 
the coronoid just behind the last molar, as in the South American Typotheres. 

There is no gall-bladder, but the caecum has a pair of csecal pouches, which 
are unknown in any other mammal. The testes are abdominal. There is a 
dorsal gland on the back analogous to that found in the Peccaries. With this 
curious mixture of characters it is not easy to suggest what are the affinities 
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or what the origin of this order. It has been stated that there is a remote 
affinity with the Proboscidca and Sirenia. 1 

The order is known as far back as the Ohgocene of Egypt, wheie Sagha- 
iherium and Megalohyrax have been found. Both are liyracoid in dentition, 
bat neither appears to be on the direct line of evolution, the latter form was 
of considerably larger size than the modem forms. Myohyrax comes from 
the Lower Miocene of Egypt and Pliohyrax from the Lower Pliocene of Greece. 
The order appears to have originated, like the Proboscidca, in North or Central 
Africa, but until some representatives can be found in Eocene deposits, little 
light can be thrown on the problem of their ongin. 



Tig. Skull of Hyru (Procam). Iht sutuic between the frontal and 

pancUl has been by an enur made to mil behmd the post oibital process 


Ordlrs Bakyiiurii \\i> Emuri thopoda. 

These two order* have to be formed to receive each a single species of 
mammals. Of the Barytbciia ( Barythcnum , fiom the Upper Eocene of Egypt) 
little is known beyond a lower jaw with bilophodont teeth, except the third 
molar, which is tnlophodont, and a procumbent tusk-Uke incisor. The denti¬ 
tion is somewhat like that of Detnothenum, but the humerus, almost the only 
bone discovered, is not proboscidean in shape. 

Of the Einhrithopoda [Atsinoitherium, from the Lower Ohgocene of Egypt) 
the complete skeleton is known. 'Ihis shows a heavy anunal the size of a 
rhinoceros, with massive limbs and stumpy, live-toed feet. The skull is 
remarkable for tlie presence of a pair of large, forwardly directed nasal horns 
placed side by side and united at their bases, and a pair of quite small frontal 
horns. The dentition is complete and is without diastemata. The canines 
are incisifnmi and the cheek-teeth Uypsodont, the molars bilophodont 

1 For detaila see Giegory, " The Orders of Mammals " (No. 94). 
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Beyond a faint suggestion in the molar pattern of some Hyracoid affinity, 
nothing can be said as to the relations of this peculiar animal. 

Order Tillodontia. 

An archaic order, of which specimens arc found only in the Lower and 
Middle Eocene of North America. Esthonyx, Anchippodus, TiUotherium are 
the only described genera. Tillotiterium, the last member to survive, reached 
the size of a Bear. There are two pairs of incisors, of which the first are small, 
the second much enlarged, rootless, and rodent-like. The condyles of the jaws, 
however, are transverse, and entirely unlike the condition found in the rodents. 
The canines are small, the premolars and molars bradiydont and bunodont. 
The origin of the order is still very uncertain. 

Order Taeniodontia. 

This order, of which representative arc known from the Pahcocenc 
(Conoryctes, Calamodon, Onychodectes, Psittacotherium, etc.) to the Middle 
Eocene (Stylinodon), is, like the Tillodonts, a very obscure one. 

Earlier forms are primitive and somewhat insectivore-like in having a com¬ 
plete dentition and enamel-covered teeth. Stylinodon, the last survivor, had 
more definite characters in its very hypsodont, rootless teeth, with the enamel 
confined to bands at the sides. These teeth are peg-like and without molar 
pattern. 

Both the Tillodontia and Tseniodontia appear to have become specialised 
early on side fines which were, comparatively speaking, of short duration. 

Order Rodentia. 

The Rodents can be clearly diagnosed by a characteristic arrangement of 
their dentition for the two puiposcs first of gnawing and then of chewing 
their food. The order, with nearly three thousand living species described, 
is at the present time numerically the largest of all the mammalian groups. 
No Rodent reaches, or ever has reached, any great size, the Capybara ( Hydro - 
choerus), which is of the size of a small Pig, being the largest living form, but 
one which may have been exceeded by two extinct species of Beavers (Trogon- 
therium and Castoroides). Most Rodents are rather small, and some such as 
the Harvest Mouse (Mns minutus), are among the smallest known mammals. 
The distribution of the group is world wide, and many species such as the 
Lemming ( Myodes lemmus) and many species of Rats and Mice, can exist in 
almost incredible numbers, and are of economic importance from the damage 
they do to crops and stores and as the assistant-carriers of disease. 

The characters of the order are as follows. There is never more than a 
single pair of upper incisors, with the exception of one section, the Duplici- 
dentata, where there is a small second pair, as is mentioned below. The 
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and jaws. The‘glenoid cavities for the condyles of the lower jaws are elongated 
in a fore-and-aft direction, an adaptation which enables the jaws to be moved 
forwards, and thereby the upper and lower incisors to be brought into contact 
for the purpose of gnawing. In this position, owing to the size of the incisors, 
the cheek-teeth are thrown out of action and cannot operate. For chewing, 
therefore, the jaws can be moved backwards when the lower incisor fits in 
behind the upper, and the upper and lower cheek-teeth can be brought into 
contact. The grinding-teeth vary in number from two to six, and frequently 
have persistently open roots. In some cases the milk dentition is suppressed. 

To provide the necessary power for gnawing, 4 he jaw-muscles become 
much enlarged (Figs 451, 567), and the increase in area for their insertion and 
origin has produced considerable modifications in the skull and jaws which differ 
in different groups, so as to afford a basis for classification. The premaxillse 
and maxillx are enlarged, not only to house the great curved incisors, but also 
for the insertion of the anterior mass of the masseter muscle, which in some 
forms passes through the enormously enlarged antorbital vacuity, which may 
be as big as the orbit (Fig. 568), or it may pass over the edge of the jugal 
arch in front of the orbit (Figs. 569,570). The fossae for the pterygoid muscles 
may also become very large. The lower jaw may have the external border 
expanded into a flange for the insertion of the masseter. It is interesting to 
note a convergence in shape between Rodents and the “ Rodent" Marsupial 
Phascolomys, the Wombat, which has a single pair of persistently growing 
incisors and an enlargement of the masseter muscle inserted on to an everted 
flange of the lower jaw. In many Rodents the jugal extends back to the 
glenoid cavity, as in Marsupials. 

The dentition, in addition to the characteristic rodent incisor and absent 
canine, is peculiar in the grinding cheek-teeth. The number of these varies from 
a maximum of six—three premolars and three molars, as in the Rabbit—to 
as few as two molars only in each section of the jaws. An average number 
for many rodents is four teeth. There Is also a wide range of difference in 
the pattern as well as in the size, from the short crowned brachydont and rooted 
type, as in the Squirrels (Fig. 571B), which, especially in the earliest species, 
can be referred to the tritubercular type through various bilophodont patterns 
(Fig. 571C) to the highly complicated multilophodont and hypsodont kinds 
with permanently open roots, as, for example, in the Capybara (Fig. 571 A). 

As to the rest of their anatomy, the Rodents are not highly specialised. 
They are, for the most part, unguiculatc, pentadactyle, and plantigrade. A 
clavicle is usually present and, as in all herbivorous mammals, the caecum 
tends to be large. The brain Is little convoluted, and the cerebellum is not 
covered by the cerebral lobes. 

The order is divided into two sub-orders of very unequal size: the Duplici- 
dentata and Simplicidentata. The Duplicidentata (or Lagomoipha) containing 
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Fig. 569.—Skull of Thryonomyi awkider&niifl. The aotorbitol vacuity is not 

enlarged. 



Fig. 570,—Skull of FedeUfl Olfflr« with enlarged antorbital vacuity which does not 
transmit the masse ter muscle. 
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the Hares, Rabbit, and Pikas, arc separated from the rest in having a small 
pair of upper incisors in addition to the main pair placed just behind them 
(Fig. 449). The infraorbital foramina are always small, the incisive foramina 
large, and the tail is very short. The molar-teeth grow from persistent pulps, 
and three premolars are present. 

There are only two families: the Leporidse (Hares and Rabbits), and the 
Ochotonidse (Pikas), both known from the Oligoccnc onwards. 

The Simpiicidentata, which have onlv a single pair of upper incisors, form 
the great bulk of Rodents and, as might be expected from their numbers and 
variety, their classification is somewhat complicated. There is a considerable 
range of adaptive radiation which has brought about a diversity of shape. > 
Some, such as the Beavers, are amphibious, with flattened swimming-tails, 
some are burrowers to such an extent that they have acquired a mole-like 




Fig. 571.—Molar teeth of Rodents V Capjliara (Hydioofassros). B Squirnrl (Batumi). 
C. CtsnodMtylns (From (ambndge Natural History, attar 1 u 11 berg) 


appearance, as Spalax or Georhychus. The Squirrels are tree-living, and the 
Anomaluridae (the " Flying " Squirrels) have proceeded a step further by the 
possession of parachuting membranes closely resembling those of the " flying " 
Marsupials. The Dqjodidse arc hoppjpg forms, somewhat like the Kangaroos 
in their method of progression. 

The sub-order is divided into three infra-orders, chiefly on the arrange¬ 
ment of the jaw-muscles the Sciuromorpha, Myomorpha and Histiicomorplia 
—and there aie many superfamilies, families, and genera described. 

Ihe Sciuromorpha are the more primitive Rodents, in that two upper and 
one lower premolars are still retained, and the antorhital foramen is not en- 
laiged, and does not transmit any part of the masseter muscle, which either still 
arises from the jugal arch alone or, at most, has a slip of its anterior superficial 
section attached to the side of the face in front of the orbit. The fibula often 
remains free, but may be fused with the tibia. There are five superfamilies: 
the Sciuroidea (Squirrels, Gophers, Chipmunks, etc.); the Aplodontoidea (Aplo- 
dontia, the “ Sewellel,” the Ischyromyidae, Eocene, and Oligocene Rodents ); 
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the Castoroidea or Beavers; the Geomyoidea (a purely North American group 
including the Pocket Gophers, etc.), and the Anoinaluroidea ( Anomalurus ) 
the West African " Flying Squirrel ", and Pedeies, the Cape "Jumping" Hare 
(Fig. 570), which is of interest in that there is a large infra-orbital opening, which, 
however, does not transmit any part of the masseter muscle, so that the skull 
in this respect resembles that of the Myoraorpha structurally, but not 
functionally). 

The Myomorpha (Rats, Mice, Jerboas, etc.) are characterised by the super- 
ficial portion of the masseter muscle passing forwards in front of the orbit, while 
the median portion runs, via the orbit, through the enlarged infra-orbital open¬ 
ing to be attached to a depression, often deep, on the side of the face. The 
tibia and fibula are always fused. 

The Histricomorpha (Porcupines, Guinea-pigs, Cavies, etc.) have the infra¬ 
orbital canal enlarged to the greatest extent of all, and the median portion of 
the masseter is enlarged at the expense of the anterior superficial portion, 
which does not extend on to the face, but retains its more primitive attachment 
to the jugal arch. The tibia and fibula remain separate. 

Skeleton of the Rodentla.- -Among the Rodents the Jerboas are exceptional 
in having the cervical vertebrae ankylosed. Generally, as in the Rabbit, the 
transverse processes of the lumbar vertebrae are elongated. As in the Ungulata, 
tlic sacrum usually consists of one broad anterior vertebra followed by several 
narrower ones. The caudal region varies in length in the different families; 
in some it is very short, but it is elongated in many (the Porcupines, Squirrels, 
and Beavers). The sternum of the Rodents has a long and narrow body; 
sometimes there is a broad presternum; the posterior end is always expanded 
into a cartilaginous xiphisternum. 

The skuU is elongated, narrow in front, broader and depressed behind. 
The nasal cavities are very large, especially in the Porcupines, with air sinuses 
in the upper part. In some the optic foramina fuse into one. An interparietal 
is often present. Paroccipital processes are developed. The orbit and the 
temporal fossa are always continuous. The nasal bones are large, and the nasal 
apertures are terminal or nearly so. The premaxillaj are always very large. 
A remarkable feature of the skull is the presence in many of a large opening 
corresponding to the infra-orbital foramen. The middle part of the iygonu 
is formed by the jugal; the latter often helps to bound the glenoid cavity, 
as in the Mar supials. The palate is short, and the anterior palatine foramina 
large. The pcnotic and tympanic may become ankylosed together, but not 
to the neighbouring bones. The coronoid process of tlic mandible is sometimes 
rudimentary or absent; the angle is often produced into a process. 

The scapula of the Rodentia is generally long and narrow. The spine 
sometimes has a metacromion process and a long acromion. The coracoid 
process is small. The clavicle varies as regards its development. Vestiges 
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of the sternal end of the coracoid are sometimes distinguishable. There is 
considerable variation in the bones of the arm and fore-arm. The radius 
and ulna are in most instances distinct, though in dose and firm apposition. 
The scaphoid and lunar are usually united; the centrale is sometimes present, 
sometimes absent. The pelvis and femur vary greatly. Sometimes there is 
a third trochanter. The fibula is sometimes distinct, sometimes fused with the 
tibia. In the Jerboa the metatarsals ot the three digits are fused together 
(see Fig. 603). 


Order Xenarthra. 

This order, part of the old order Edentata alter the removal as separate, 
orders of the Tubulidentata and Pholidola, consists almost entirely of South 
American animals, a few late Tertiary forms alone having penetrated intb 
North America. The living members of the order, together with a number 
of extinct relatives, form the sub-order Xenarthra, and a second sub-order, the 
Paheanodonta, contains more primitive and entirely extinct genera. 

The Xenarthra, in spite of considerable differences in shape and appearance, 
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]<ig. 572 - Vertebra of the Great Anteater (Myrtneoophaga jubata). A. Side view of twelfth 
and thir teenth thoracic vertebra; B. posterior view of the second lumbar ; C. anterior view of 
the third lumbar, or. anterior zygapophysis; ar.», *, *, extra zygapophyses; e. e. facet for 
capxtulnm of nb; m. metapophyus; pi posterior zygapophysu; pi \ * *. additional posterior 
zygapophysis; t. transverse process; If. facet for tuberculum of nb. (From CambnAga 
Natural Hutary. after Flower.) 
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are united by certain s]>ecia]ised character* which show them to belong to 
a single natural group. Enamel is entirely absent from the teeth, except in 
an Eocene Armadillo, Utatetus, in which spiall enamel caps were just persisting. 
In all the others the teeth (sec p. 659) arc transformed to pillar-like and per¬ 
sistently growing stumps (the Armadillos), and may be reduced in number 
(the Sloths) or altogether absent (the Great Ant-eater). One of the most 
noticeable characters is that the posterior dorsal and lumbar vertebra (Fig. 
572) have an extra pair of zygapophyses, a condition found elsewhere only 
in the Snakes. Among other specialised characters are the frequent reduction, 
or absence, of the zygomatic arch, the frequent fusion of the coracoid process 
to the front border of the scapula so as to enclose a large foramen (Fig. 573), 



Fib. 173 —Shoulder-girdle of 
Hms- t oed Sloth (Bradypus tn- 
Jactylus). act. aciomion; cl 
clavicle ; cor. coracoid. 



Fig. 574 — Mylodon robuitua. (Restoration, after 
Owen) 


and the articulation of several of the anterior caudal vertebrae to the ischium 
so as to produce an unusually long ischio-sacral region. The low type of brain, 
on the other hand, and the persistently abdominal testes are primitive. All 
Edentata have heavily clawed feet 

By adaptive radiation, the Xenarllira have evolved into such very different 
kinds of animals that they have to be separated into two infra-orders, the 
Pilosa and Loricata, and each of these again into a number of superfamilies. 
The Pilosa are the supcrfamilies Megalonychoidea, an extinct group comprising 
the Megatheriidfle {Megatherium), the Megalonychidae {Megalonyx), and Mylo- 
dontidse {Mylodon, (Fig. 574), Scelidotherium) ; the Myrmecophagoidca (Myrme- 
cophagidae Myrmecophaga, the Great Ant-eater, and Tamandua the Lesser 
Ant-eater), and the Bradypodoidea (Bradypodidae, Bradypus, the Three-toed 
Sloth with nine cervical vertebra and C holcepus, the Two-tocd Sloth with six 
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cervicals. Those two species, except for the Manatee among the Sirenia, are the 
only mammals that have not the typical number of seven cervical vertebra). 

These forms, in addition to the ordinal characters, are united by being 
covered with hair, in contradistinction to the infra-order Loricata, which show 
a feature, unusual in Mammals, of a covering of bony plates on which lie 



Fig. S 75 —Tata AnmMDo {Dasypus w\nnctu \) (After Vogt and SpeUit) 

homy scutes In this group the teeth aio more numerous and the jugal arch 
is more complet c*. There is a considerable fusion of the elements of the vertebral 
column for the same mechanical reason as in the Chelonia, and the 
condition is vaguely reminiscent of that group. 1 he superfamilies are the 
Pasypodoidea (Dasipodidie, the Armadillos, Fig. 575, and the Peltephilidw); 



Fh. S7O -Glyptodon clsvipet. (VfterOwen.) 


the extinct Glyptodontoidea (Glyptodontida*. e.g., Glyptodon, Fig. 576 and 
its relatives Panocthus, etc.). 

The Palaeanodonta ( Palaanodon , PaUeocene to Lower Eocene, Meta- 
cheiromyi, Middle Eocene, bpotcothefium, Qligocene) come from North America. 
Although aberrant and specialised in some directions, such as the pnee—^ 
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of aA enamel-covered canine—a unique feature for an Edentate - the Palsano- 
donts may bt regarded as representing an offshoot. of tlu* ancestral edentate 
line. The dentition is specialised in the reduction of the teeth 111 number and 
in their degenerate condition, but the vertebra have not acquired the Xenarth- 
ran peculiarity of extra zygapophyses, and there is no ischio-caudal symphysis. 

The Sloths ( Bradypodida , Fig. 577) are more completely adapted, in the 
structure of their limbs, to an arboreal life than any other group of the 



Kig 377 - -Uaan, 01 Two-toed Sloth (Cholcrpm dtdac(ylu&). 
(AfU'i \ ogt ami Spotlit) 


Mammalia. They lnive a short, rounded head, the ears with small pinna 1 , and 
long, slender limbs, the anterior much longer than the posterior, with the digits, 
which are never more than thiee in number, long, curved, and liook-like, 
adapted for enabling the animal to hang and climb, body downwards, among 
the brandies of trees. In the Three-toed Sloth there are thne toes in both 
manus and pes; in the Two-toed Sloth there are only two in the manus, three in 
the pes. The tail is rudimentary. The body is covered with long, coarse 
hairs, which differ from those of other mammals in being longitudinally 
fluted. On these hairs grows abundantly an alga, the presence of which gives 

a greenish tinge to the fur. 

vol. n. 
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The ordinary Ant-eaters (Myrmecophagidat) have a greatly elongated snout, ► 
with the mouth as a small aperture at its extremity, small eyes, and the auditory 
pinna sometimes small, sometimes well developed. There are five digits in 
the fore-foot, of which the third has always a very large curved and pointed 
claw, rendering the manus an efficient digging organ. The toes of the hind- 
foot, four or five in number, are sub-equal, and provided with moderate-sized 
claws. In walking, the weight of the body rests on the dorsal surfaces of the 
second, third, and fourth digits of the manus and on a thick callous pad on 
the extremity of the fifth, and in the pes, on the entire plantar surface. The 
tail is always very long, and is sometimes prdiensile. The body is covered 
with long hair. In the Two-toed Ant-eater ( Cycloturus ) the muzzle is short; 
there are four toes in the manus, of which the second and third only have 
claws, that of the third being the longer; the pes has four sub-equal dawed 
toes, forming a hook not unlike the foot of the Sloths; the tail is prehensile. 

In the Armadillos ( Dasyjmdida , Fig. 575) the head is comparatively short, 
broad, and depressed. The number of complete digits of the fore-foot varies 
from three to five; these are provided with powerful daws, so as to form a 
very efficient digging organ. The hind-foot always has five digits with smaller 
claws. The tail is usually well devdoped. The most striking external feature 
of the Armadillos is the presence of an armour of bony dermal plates; this 
usually consists of a scapular shield of dosely-united plates covering the an¬ 
terior part of the body, followed by a series of transverse bands separated from 
one another by hairy skin, and a posterior pdvic shield. Iu the genus , 
Tolypeutes these bands are movable, so that the animal is enabled to roll itself 
up into a ball. The tail is also usually enclosed in rings of bony plates, and 
a number protect the upper surface of the head. 

Skeleton of Xenarthra.—In the Armadillos more or fewer of the cervical 
vertebrae are ankylosed together both by their bodies and by their neural arches. 
In the lumbar region the metapophyscs are greatly prolonged—longer than the 
transverse processes—and support the bony carapace. A remarkable pecu¬ 
liarity of the spinal column in the Armadillos is the fusion of a number of the 
anterior caudal vertebra with the true sacrals to form the long sacrum, con¬ 
taining as many as ten vertebra altogether. The caudal region is of 
moderate length; there are numerous chevron bones (Fig. 586). In Mants 
and Myrmecophaga the neck-vertebra are not united. In the posterior- 
thoracic and the lumbar regions of Myrmecophaga there are developed complex 
accessory articulations between the vertebra ; the sacrum contains, in addition 
to the true sacral vertebra, a number derived from the caudal region. 

In the Sloths none of the cervical vertebra are ankylosed together; but in 
the Three-toed Sloths (Fig. 577) there is an important divergence from ordinary 
Mammals in the number of vertebra in the cervical region, there being nine or ten 
instead of seven; while in one species, the Two-toed Sloth (Cholcepus hoffmanni ), 
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there axe only nx. The neural spines of all the vertebrae axe very short. A 
number of the anterior caudal vertebrae are united firmly, though not quite 
fused, with one another and with the true sacrals. 

In the Armadillos the sternal ribs, which are sub-bifid at their sternal ends, 
are ossified, and articulate with the sternum by means of well-developed 



Fig. 578.—Skull ol Armadillo [Dasypus sexcinctus). letters as m Figs. 579—580. 

In addition, pm, penotic. 


synovial articulation*;. In the American Ant-eaters there are similar synovial 
joints, and the sternal ends of the sternal ribs are completely bifid. In the 
Sloths the sternum is long and narrow, and there are no synovial joints. In 
front the sternal ribs are ossified and completely united with the vertebral 
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Fig. 570 —Skull of Ant nator (Myrmecophaga), lateral view, al sp all sphenoid ; eond 
condyle of mandible a cor . coronoid process of mandible; ex, oc . ex-occipital; ext. and. external 
auditoiy meatus, fr. frontal; ju . jugal; hr, lachrymal f max . maxilla; nas nasal; occ. cond 
occipital condyle t pal . palatine; par . parietal; p.max, promaxilla; s, oc snpxa-occipital; 
sq, squamosal, tv tympanic. 

ribs, but behind they are separated from the latter by intermediate ribs which 
are less perfectly ossified. 

In the Armadillos the skull (Fig. 578) is broad and flat, the facial region 
triangular. The tympanic [ty.) is in some developed into a bulla. The bony 
auditory meatus is in some cases elongated. The zygoma is complete. The 
pterygoids are small, and do not develop palatine plates. The mandible has a 
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well-developed ramus with a prominent coronoid process and a well-marked 
angular process. 

In the American Ant-eaters (Fig. 579 and 580) the skull is extremely long 
and narrow—the facial region being drawn out into a long, narrow rostrum, 
with the external nares at its extremity. The olfactory fossae are greatly 
developed. The rostrum is composed of mesethmoid, vomer, maxillae, and 
nasals—the premaxilla; being very small. The zygoma is incomplete, and the 
orbit is not dosed behind by bone, the post-orbital processes of the frontal being 
a gc entirely absent. The pterygoids (pter.), in all but 

! Cycloturus, develop palatine plates. There is no 

bony auditory meatus. The mandible is entirely > 
devoid of ascending ramus—consisting of two 
long and slender horizontal rami, with a very 
short symphysis. 

In the Sloths (Fig. 581) the cranial region is 
elevated and rounded, the facial short; the 
frontal region is elevated, owing to the develop¬ 
ment of extensive frontal air-sinuses. The 
preinaxilke are small, and not firmly connected 
with the maxillae, so that they are commonly lost 
m the macerated skull. The jugal (jh.) develops 
a strong zygomatic process which bifurcates 
behind into two branches, neither of which is 
connected with the rudimentary zygomatic 
process ot the squamosal, so that the zygomatic 
arch remains incomplete. There aic, at most, 
tire rudiments of post-orbital processes of the 
.. u .... , . , frontals. The pterygoids develop vertical lamina 

eatar r Mvmueopkoga). ventral and form no palatine plates. The ascending 

in oc. basi-ocnpitli. ramus and coronoid process of the mandible are 

gitii glenoid surface tor man- both well developed 

dibit , pUr. pterygoid. j n the American Ant-eaters and Armadillos the 

bones of the fore-limb arc shoit and powerful. The scapula in the Ant-eaters 
is broad and rounded, the anterior border unites with the coracoid process so 
as to convert the coraco-scapular notch into a foramen. In the middle of the 
spine there is a triangular process. a lidge on the post-spinous fossa presents 
the appearance of a second spine. The fibres of ongin of the sub-scapularis 
muscles extend on to the outer surface as far forward as this ridge, so that the 
part of the outer surface behind the ridge corresponds to a part of the sub- 
scapnlar fossa, which in other Theria is co-extensive with the inner surface. 
Except in Cycloturm the clavicles are rudimentary. All the carpal bones are 
distinct. 


Jbnuuc 

Ho o—Skull of Ant- 

eater f Mvrmecopkagd), ventral 
view I etten ds in fig. 57‘f 
In aildilion, b. oc . basi-occ lpital, 
git n glenoid surface lor man¬ 
dible , ptrr. pterygoid. 
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In the Armadillos the scapula (Fig 582) has an extremely prolonged 
ociomion (acr ), sometimes articulatuig with the humerus A ridge (tp'.) 



Fig 5H1 Skull of Tbn^toed Sloth [Draiypus tndact\lus) Lotion as in Tig 579 


representing a second spine is present The ildvirle is well dtvi loped The 
liumcrus is short and powerful, with well-developed processes and ridges, and 
with a foramen above the inner condyle (entejncondvhr foramen) rhe caipus 


consists of the orchn lry eight bones 

In the Sloths (big 583) the arm bones sre com¬ 
paratively long and slender A coraco-scapular 
foramen is formed as in the Ant-(.iteis In the 
1 hree-toed Sloths (big 573) the acromion (act ) is 
it first connccttd with the loracnid piotess hut 
becomes reduced and loses the connection in the 
Iwo-toed Sloth the connection peisist-. 1 Ik 
clavicle (cl) is not direclh connected intern dly 
with the sternum, cxteinails it is directly con¬ 
nected with the coracoid pi01 css 1 condition 
obseived in no otliei Mammal Ihe hmneius is 
veiy long dnd slender, so aic Ihe 1 idms md uhn 
which are capable of a certain miount of movement 
111 pronation and su])ination In the < 11 pus 
(l lg 584) the trape/onl and lmgnum arc umted in 
Hradypus, distmc t in ( holapus in the former the 
trapezium is usually fused with the rudimentary fu st 
metacarpal Tlie fiist and fifth me tac irpals arc 


ptsr 



L lb Shoulder girdle 

oi Armadillo (Dawpus 50* 
rMirfM?) an act mum cor 
tor it old procebb pr sr pre 

spurns* lossa pt sc post 
spinous f >ss 1 5 p spine sp 

nd^t prolyihty m irking the 
interior 1 nnt of oiigin of tho 
subsc apularis muscle 


represented only b> rudiment 1 Ihe pioximal plnlangcs of the three digits 
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Fig 583.— Skeleton of Xhm-tMd Bloth (Brady put, tndactylus) (/Viter Blainville J 



hio 584 —Right manus of Three- 
toed noth, cun . cuneiform; lun. 
lunar, m c. j, first metacarpal, 
fa c. 5, rudiment of fifth metacarpal , 
pis pibiform, rod. radius, sc 
scaphoid, tri m. trapezoid and 
magnum united; uln, uin4 , me, 
unciform. 


Fig 585-Pee of Three toed 
Sloth* ast. astragalus; calc cal- 
caneum, cbd. cuboid; ft fibula; 
mssoc, mosocuueiform; metal j, 
vestige of first metatarsal, metal 5, 
vestige of fifth metatarsal; nav. 
navicular; ttb. tibia* x, peg-like 
proceab at distal end of fibula. 
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The pelvis of the American Ant-eaters is elongated, with a short symphysis 
pubis. The ifchia unite with the spinal column. There is no third trochanter. 
The tibia and fibula are nearly straight, and parallel with one another. In 
Cydotunts the pes is modified to form a climbing organ. 

In the Sloths the pelvis is short and wide; the spines of the ischia unite with 
the anterior caudal vertebra so that a sacro-sdatic foramen is formed as in 
Ant-eaters. The femur is long and slender \ it is devoid of third trochanter. 
The tibia and fibula are also long and slender. At its distal end (Fig. 585) 
the fibula develops a peg-like process (<) which fits into a depression in the outer 



ob&for 

Fig. 586.—lVlvis and b«u.rum of Armadillo 
{Da^ypusscxanctus). ac acetabulum, il ilium f 
iscA. ischium; oht fot obturator foramen , pect 
tub pectineal tubercle , pub pubis 



I'ig 587—Pcs of Ann** 
dillo (Dasypus se remains), 
ast. astragalus; cat. cal- 
cancum. cbd . cuboid, eel. 
ecto cuneifonn; ent. ento- 
cunciform; tnes. meso- 
c uncifoim; nav. navicular. 


face of the astragalus. The calcaneal process is extremely prolonged in 
Bradypus, in which there is a tendency to ankylosis between the tarsal bones, 
and the proximal phalanges ankylose with the metatarsals. 

In the Armadillos the pelvis (Fig. 58b) is extremely long, and both ilia and 
ischia arc firmly fused with the spinal column The femur has a prominent 
third trochanter. The bones of the pes (Fig. 587) are normal. 

Orpkr Pholidoia. 

This order contains the living Pangolins or “ Scaly Ant-eaters ” ol tropical 
Africa and Asia. The most noticeable character is the covering of imbricating 
liomy scales over the head, body, and tail, between which grow a few scattered 
hairs. Teeth are entirely absent, as also is the jugal arch and clavicle. The 
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skull is long and cylindrical, and there is no division between the orbits and 
temporal fossa;. The tongue is very long. 

There is only one genus ,Manis (Fig. 388), and about seven species have been 
described. The limbs are short and strong, with five digits, the hind-feet are 
plantigrade, the fore-feet provided with strong curved claws and, in walking, the 
weight rests on the upper and outer side of the fourth and fifth toes. 

What resemblance there is to the edentate Myrmecophaga is probably due 
to convergent adaptation. Nothing sure is known of the past history of the 
Pholidota beyond a few remains in the European Tertiary, of which the earliest 
is a doubtful Oligocene species. While, therefore, a remote connection with 
the American Edentata is not absolutely ruled out, it is best, for the present, to * 
keep the Pholidota as a separate order. 

In the Scaly Ant-eaters (Mam's, Fig. 588) the head is produced into a 
short, pointed muzzle. The limbs are short and strong, with five digits in each 
foot. The iipjier surface of the head and body, the sides of the latter, and 



Fic. 588.— Scaly Ant nshir {Manis gtganiea). (From the Cambridge Nairn al History.) 

the entire surface oi the tail are covered with an investment of rounded, homy, 
epidermal scales. The lower surface is covered with hair, and there are a lew 
coarse hairs between the scales. In walking, the weight rests on the upper 
and outer side of the fourth and fifth Loes of the manus and on the sole 
of the i>es. 

Order Tubulidentata. 

Of the early history of the Aard Varks (Orycteropus, Fig. 589) of South 
Africa even less is known, although here again there are some signs of them in 
the Euroiiean Tertiary. The body is thick-set, the head produced into a long 
muzzle. The fore-limbs are short and stout, with four toes, the palmar sur¬ 
faces of which are placed on the ground in walking. The hind-limb is five-toed. 
The body is covered with thick skin with scattered hairn. Orycteropus lives on 
Termite Ants, and has ,1 long tongue" and small mouth. There are, however, 
from four to five peg-likc teeth, which have a peculiar structure. There is no 
enamel, but a coating of cement and a body of vasodentine, which in the pulp- 
chamber is perforated by tubes, from which character the order takes its name. 

The relationship of the order is very problematical— it has clearly nothing 
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to do with the Edentata, or Pholidota. The structure of the rather primitive 
brain is stated to show some resemblance to Attopiotkerium, an Eocene Artio- 
dactyl. Extinct examples are rare. Orycteropws gaudryi has been found in 
the Lower Pliocene, but it and a few fragments assigned to the order from the 
Oligocene and Miocene throw no light on the problem. 



Tig. — Aard-wk (Oryctevnpus capenm), (After VogL and Spccht) 


GENERAL ORGANISATION OF MAMMALS. 

Integument and General External Features. -Nearly all Mammals are 
rovered with hairs (Fig. 590) developed in hair-follicles. Each hair (Fig. 
50 i) is a slender rod, and is composed of two paits, .1 central part or pith (Al) 
containing air, and an outci more solid part or cortex (Ii) in which air does not 
occur; its outermost layer may form a definite cuticle (0). Commonly the 
cortical part presents transveise ndges so as to appear scaly In one case only, 
via., Sloths, is the hair fluted longitudinally The presence of processes on the 
surface, by which the hails when twisted together interlock finnly, gives a 
special quality to certain kinds of hair (wool) used tor clothing -the felting 
quality as it is termed. A hair is usually cylindrical, but there are many 
exceptions: in some it is compressed at the extremity, in others it is com¬ 
pressed throughout; the latter condition is observable in the hair of negroid 
races of men. The fur is usually composed entirely of one kind of hair; but 
in some cases there are two kinds, the hairs of the one sort very numerous and 
forming the soft fur, and those of the other consisting of longer and coarser 
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hairs scattered over the surface Examples of a hairy covering of this kind are 
seen in the case of Omithorhynchus and the Fur-Seals 

A hair, like a feather, is formed gfg 


from the epidermis The first rudi¬ 
ment of a developing hair (Fig 592) 
usually takes the form of a slight 
downwardly projecting outgrowth, 
the hatr-germ {grm ), from the lower 
mucous layer of the epidermis, 
beneath which there is soon dis- 





Fig 590 —Section of human skin Co 
dermis D, sebaceous glands 1 fat in 
dermis, G vessels in del mis, GP vasculir 
papilla H hair N nerves in dormis 
NP nervous papilla; Se horny layer of 
epidermis, SD swtit gland SD l duct 
of sweat-gland £>M Malpighian layer 
(From Wiedershcun's Comparative Anatomy1 


St — 

smIW &3 


m 


m 






cermble a condensation of the dermal 
tissue to form the rudiment of a 
hatr paptlla [pp) In some Mammals, 
howtver, the dermal papilla makes 
its appeal ante before the hair-germ 
The hair-germ, which consists of a 
solid mass of epidermal cells, 
elongates, and soon its axial portion 
becomes condensed and lomilicd 
to form the shaft of the hair, while 


Fig yji —Longitudinal section through 
a bur (diagrammatic) Ap, band of mut> 
cular fibres inserted into the hair follicle 
Co dermis 1 external longitudinal and 
r internal circular fibrous liyer of foUiele 
hi, fatty tissue in the dermis, CH, hyalin 
membrane between the root sheath and the 
follicle, HUD sebaceous gland HP, ha.tr 
papilla with vessels in its interior, M, 
medullary substance (pith) of the hair, 0 
cuticle R, cortical layer Sc homy layer 
of epidermis SJlf Malpighian layer of 
epidermis, WY outer and inner layers 
of root sheath (From Witdirsheun's Com 
parattve Anatomy ) 


the more peripheral cells go to form the lining of the hair-folhclc, becoming 
arranged in two layers, the * finer and outer root-sheaths (sh i, & h a) The 
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epidermal cells in immediate contact with the hair-papilla retain their pro¬ 
toplasmic character and form the hair-bulb (bib.), by the activity of which the 
further growth of the hair is effected. Soon the upper end of the hair-sliaft 
grows out beyond the surface of the epidermis, and the projecting pari eventually 
becomes much longer thfit that which lies embedded in the follicle. At the 
same time the follicle grows downwards into the dermis. During its growth the 
hair is nourished by the blood-vessels in the dermal hair-papilla, which projects 


into its base. 

Modifications of the hairs are 
often found in certain parts. Such 
modified hairs are the elongated 
hairs of the tails of some Mammals, 
e.g., most Ungulates; the eye¬ 
lashes of the eye-lids, which are 
stronger than the ordinary hairs; 
and sensitive hairs, or vibrissa, 
about the snout. In some 
Mammals the hairs in part assume 
the form of spines, viz., in 
Tachyglossus, the Hedgehogs, and 
the Porcupines. 

The coating of hairs is scanty 
in some Mammals, and is virtually 
absent in the Cetacea and Sirenia 
In such cases the skin is greatly 
thickened, as in the Elephants, etc,; 
or, as in the Cetacea, an under¬ 
lying layer of fat performs the 
function of the hair as .1 heat- 
preserving covering. 

In Mams (Fig. 588) the greater 
part of the surface is covered with 
large, rounded, over-lapping homy 


A B 



FIg. 5 Q?.—Four diagrams of btages w the 
development of a liair A, earliest stage m one ol 
those Mamirals in which the dermal papilla appears 
first v B, (, D, three stages m the development of 
the hair in I he human embryo, bib. hair-bulb; 
cm homy la>cr of the epidermis; foil, hair- 
follicle, m. liau germ; h. extremity of hair 
projecting on the surface in D ; inuc. Malpighian 
layer of epidermis, pp. dermal papilla, seb 
developing srbauoub glands. sA j, sh a, inner 
and outer root sheaths. (After Hcrtwig) 


scales of epidermal origin, similar in 

their mode of development to those of reptiles. A similar phenomenon is 
seen in the integument of the tail of Anomalurus a Flying Rodent. The 
Armadillos (Fig. 578) are the only Mammals in which there occurs a bony 


dermal exoskeleton. 


Also epidermal in their origin are the horny structures in the form of nails, 
claws, or hoofs, with which the terminations of the digits are provided in all the 
Mammalia except the Cetacea. And the same holds good of the homy portion of 
the horns of Ruminants. The horns of the Rhinoceros are also epidermal and 
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have theappearanceof being formed by the agglutination of a number of hair¬ 
like homy fibres. 

Cutaneous glands arevery general in the. Mammalia, the most constant 
being the sebaceous glands (Figs, 590, D; 591, HBD), which open into the 
hair-follicles, and the sweat-glands (Fig. 590, SD). *fn many Ma mm al s , there 
are, in addition, in various parts of the body, aggregations of special glands 
secreting an odorous matter. 

Th e mammary glands, by the secretion of which the young are nourished, are 


A B 



Fig. 593 .—faohyglouns aouleata. A f lower surface of brooding female; B, dissection showing a 
dorsal view of the marsupium and mammary glands; j-the two tufts of hair projecting from the 
mammary pouches from which the secretion nows; 6. m. brood-pouch or marsupium; cl. cloaca; 
g. m. groups of mammary glands. (From Wiedersheim's Comparative Anatomy , after W. Haacke.) 

specially developed cutaneous glands. In the Prototheria they differ somewhat 
widdy from those of the rest of the Mammalia in structure, and they also differ 
in the absence of teats. They consist of two groups of very large tubular 
follicles, the ducts of which open on the ventral surface. In Tachyglossus (Fig. 
593) the two areas on which the ducts open become depressed towards the breed* 
ing season to give rise to a pair of pouches—the mammary pouches. A large 
brood-pouch or marsupium is subsequently formed, and the egg is deposited in 
this. When the young animal is hatched it is sheltered in the posterior deeper 
part of this marsupium, while in the shallower anterior part lie the mammary 
pouches. In Omithorhynchus mammary pouches are indicated only by 
extremely shallow depressions, and no marsupium is developed. 
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In the higher Mammals, when the mammary glands are first developed 
594)* a depression [mammary pouch) is formed, from the floor of which 
branchingcylindrical strands of epidermis grow inwards to give rise to the glands. 
At a later stage there is developed around the opening or openings of the mam¬ 
mary ducts a prominence, the teat (Fig. 594), the wall of which may be formed of 
the mammary pouch area alone (Marsupials, Rodents, Primates), or, with greater 
or less reduction of the latter, mainly from the surrounding integument. In 
the latter case the teat may have a wide central canal. The number and 
situation of the teats vary in the different groups. 

Endoskeleton. —The spinal column of Mammals varies in the number of 
vertebrae which it contains, the differences being mainly due to differences in 





tic. 504 — Diagrams of the phylogenetic development of teats, a. primitive condition cor¬ 
responding to the condition inTnc hj glossns; h, W allaby {Hahnaiurus) before lactation; c. Opossum 
( Dtitlphys) before lactation, d. Opossum during lactation; this diagram stands also for the Mouse 
and Man; c. embryonal, and/, full-grown cow. I integumentary wall; a, mammary area, the 
broken line represents the maininary pouch. j. milk-ducts. (After Max Weber.) 



the length of the tail. The various regions aie very definitely marked off. 
In the cervical region the hrst two vertebra are modified to form the atlas and 
axis. Owing to the absence of distinct cervical ribs, the posterior cervical 
vertebra are much more sharply marked off from the anterior thoracic than is 
the case in Reptiles and Birds. The vertebra of the cervical region have 
double transverse process (or a transverse process perforated at the base by a 
for amen which transmits the vertebral artery) in all except the last with 
certain exceptions, such as many Masupials, some Rodents, Hyrax and the 
Hippopotami, where the seventh cervical vertebra is also perforated. The 
lower portion of the transverse process in certain cases [e.g., seventh and some¬ 
times some of the others in Man) arises from a separate ossification, and this is 
regarded as evidence that the lower part, even when not independently ossified, 
represents a cervical rib. Seven is the prevailing number of vertebrae in the 
cervical region; there are only three exceptions to this —the Manatee, Hoff- 
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mann's Sloth, and the Three-toed Sloth (cf. p. 626), The number of thoracic 
and lumbar vertebras is not so constant; usually there are between nineteen 
and twenty-three. Hyrax has a larger number of thoraco-lumbar vertebra 
than any other mammal—from twenty-nine to thirty-one. 

The thoracic vertebra have ribs which are connected, either directly or by 
intermediate ribs, with the sternal ribs, and through them with the sternum. 
Each rib typically articulates with the spinal column by two articulations 
—one articular surface being borne on the head and the other on the tubercle. 
The tubercle articulates with the transverse process, and the head usually with 
an articular surface furnished partly by the vertebra with which the tubercle 
is connected, and partly by that next in front; so that the head of the 
first thoracic rib partly articulates with the centrum of the last cervical 
vertebra. 

In all the Mammalia in which the hind-limbs exist, that is to say, in all with 
the exception of the Sirenia and the Cetacea, there is a sacrum consisting of 
closely united vertebra, the number of which varies in the different orders. 
The caudal region varies greatly as regards the degree of its development. In 
the caudal region of many long-tailed mammals there is developed a series of 
chevron bones —V-shaped bones, which are situated opposite the inter-vertebral 
spaces. 

The centrum of each vertebra ossifies from three centres 1 —a middle one, 
an anterior, and a posterior. The middle centre forms the centrum proper: 
the anterior and posterior form the epiphyses. The epiphytes are almost 
entirely absent in the Monotremcs, and in the Dugong (Sirenia) have not been 
detected. Between successive centra is formed a series of discs of fibro- 
cartilage—the inter-vertebral discs —represented in lower Vertebrates only in 
Crocodiles and Birds. The anterior and posterior surfaces of the centra are 
nearly always fiat. 

The sternum consists of a number of segments—the presternum in front, the 
mesosternum, or corpus stenti, composed of a number of segments or stemebra 
in the middle, and the xiphtsternum behind. The sternum is formed in the 
foetus in great part by the separating oft of the ventral ends of the ribs. Some 
of the Cetacea and the Sirenia are exceptional in having a sternum composed of 
a single piece of bone. The sternal ribs, by which the vertebral ribs axe con¬ 
nected with tbe sternum, are usually cartilaginous, but frequently undergo 
calcification in old animals, and in some cases early become completely con¬ 
verted into bone. 

The skull of a Mammal (Fig. 595) contains the same chief dements and 
presents the same general regions as that of the Sauropsida, but exhibits certain 
special modifications. A number of the bones present in the skull of Sauropsida 

1 Usually the twn centres of ossification which form the neural arches also contribute to tho 
formation of the bony centrum. 



PHYLUM CHORDATA 


639 

are not represented, or, at all events, not certainly known to be represented 
definitely by separate ossifications in the mammalia. Such are the supra*orbitaI, 
the pre-frontal, the post-orbital, the ecto-pterygoid and the quadrato-jugal. 
The bones of the skull, with the exception of the auditory ossicles, the lower 
jaw, and the hyoid, are all immovably united together by means of sutures. 
The palatine bones develop palatine plates separating off a posterior nasal 



Fig. 505.—D iag ram of the relations of the principal bones of the Mammalian skull. A-S. 
all-sphenoid; B-Hy. basi-hyal; B-O. basi-occipital; B-S. basi-sphcnoid. C-Hy. teralo-h\al; 
B-Hy. epi-hyal; El« 0 . cx-occipital; Ft. frontal, Ju jugal; La. lachrymal; ill. mandible; KB. 
mesethmoid; Mx, maxilla; A a. nasal; 0 .- 5 . orbito-sphenoid; Pa, parietal, Per. periotic; J l . 
palatine; P.-S. pre-sphenoid; PMx. prenuxilla; 1 H ptirygoul; B-Hy. styo-hyal; B- 0 . supra- 
occipital; Sq. squamosal; T-Hy. tjmpano-hyal; Th-Hy. thyro hyal; Tub. turbmal; iy. 
tympanic; Vo. vomer. (Think type -replacing bones; italics —investing bones.) 1 he numbered 
circles indicate the points of exit of tho cranial nerves; i, olfactor j, 2 f optic; 3* oculo-motor, 
4, trochlear; 5,5', 5", the three divisions of the fifth nerve; 6, alnluc ent; 7. facial; 8, auditory; 
9, glosso pharyngeal; io p pneumogastnc; 11, spinal accessory; 12, hypoglossal. (After Flower.) 


passage from the cavity of the mouth, a condition found among the living 
Sauropsida only in the Crocodilia, and, to a less extent, in the Cheloma and some 
Lizards. 

-'The wob is, a strong arch of hone formed partly _of the squamosal^ 

partly of t he ju gal, and partly of the maxilla : in position it represents the upper 
temporal arch of Amphibia and Sauropsida, but is differently constituted (see 
p. 376). The orbit in the skull of some mammals is completely enclosed 
by bone, constituting a well-defined cavity; in others it is not completely 
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surrounded by bone behind, and so communicates freely with the temporal 
fossa which lies behind it. 

The periotic bones ( pro-otic , opisthotic, and epi-otic) are not separately 
represented in the skull of mammals. Part of the periotic mass sometimes 
projects on the exterior at the hinder part of the lateral region of the skull, and 
is the mastoid portion; the rest is commonly called the Petrovs portion of the 

Petrosal 



Fig. 596.—Diagrams o t tympanic cavity uf certain nuim mills. The tympanic bone is 
black; the petrosal dotted, tho squamosal horizontally shaded and the busi-occipital vertically 
shaded 

periotic, and encloses the parts 0/ the internal car—the mastoid portion con¬ 
taining only air-cells. The tympanic bone, which represents the angular oi 
Sauropsida, sometimes forms a long tube, sometimes only a mere ring of bone. 
In other cases it not only gives rise to a tube for the external auditory meatus, 
but also forms the bulla iympani, a dilated bony process con tainin g a cavity. 

The tympanic cavity, in which lie the car-bones, is hollowed out of the 
petrosal. In the primitive condition, as can be seen at the present time in some 
of the Marsupials, Insectivores, Edentates, etc., this chamber has no bony 
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covering, and the tympanic bone (ectotympanic) is an open ring lying loosely 
and supporting the ear-drum. When, as in most cases, a bony covering is 
formed, this structure is termed the " bulla." It is not always formed in the 
same way in different groups. In those Marsupials in which a bulla is present 
it 'is always made from the ali-sphenoid, the tympanic forming the external 
auditory meatus.* In the Primates it is formed chiefly by an outgrowth of the 
petrous bone, which may either grow round the tympanic ring so as to enclose it, 
as in the Tupaiidte and Lemurida (Fig. 596), where it lies free in the cavity, 
or, as in the Lorisidae and Platyrrhine Monkeys, jt joins on to the edge of the 
tympanic ring, which thus forms part of the bulla-wall and acts as the opening 
of the middle ear, while in the Tarsioid and Catarrhine Monkeys it is further 
produced outwards to form a bony tube—the external auditory meatus. In 
other Mammals the tympanic, as a rule, forms most of the bulla, but the 
entotympanic, squamosal, ali-sphenoid, and basi-sphenoid may also take some 
part either in the formation of the bulla or as supporting elements. 

The occipital region presents two condyles for the articulation of the atlas. 

The mandible consists in the adult of one bone, the equivalent of the dentary 
of Sauropsida, on each side—the two rami, as they arc called, being in most 
mammals dosely united at the symphysis. The mandible articulates with an 
articular surface formed for it by the squamosal bone, below the posterior root 
of the zygomatic arch. 

The hyoid consists of a body and two pairs of cornua—anterior and posterior ; 
of these the anterior pair are usually longer, and consist of several bones, the 
most important and most constant of which is the stylo-hyal, connected usually 
with the periotic region of the skull. The posterior cornua or thyro-hyals are 
usually much smaller. 

The ratio borne by the capadty of the cranial cavity to the extent of the 
facial region varies greatly in the different orders. The greater devdopment of 
the cerebral hemispheres in the higher groups necessitates a greater develop¬ 
ment of the corresponding cerebral fossa of the cranium. This is brought about 
by the bulging upwards, forwards, and backwards of the cranial roof, resulting 
in a great modification in the primitive relations of certain of the great planes 
and axes of the skull (Fig/ 597). Taking as a fixed base line the bast-cranial 
axis —an imaginary median line running through the basi-occipital, basi- 
sphenoid, and pre-sphenoid bones—we find that the great expansion of the 
cerebral fossa in the higher mammals leads to a marked alteration in the relations 
to this axis (z) of the occipital plane or plane of the foramen magnum; (a) of the 
tentorial plane or plane of the tentorium cerebelli (a transverse fold of the dura 
mater between the cerebral hemispheres and the cerebellum); and (3) of the 
ethmoidal plane or plane of the cribriform plate of the ethmoid. Jn the lower 
Mammals (ri) these are nearly at right angles to the basi-cranial axis. In the 
higher groups, by the bulging forwards and backwards of the cranial roof, 
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the occipital and tentorial planes incline backwards and the ethmoidal 
forwards, until all three may become approximately horizontal. At the 




same time there is produced a change in the relations of the basi-cranial 
axis to the basi-factal a\v> —a line passing along the axis of the face between 
the mescthmoid and the vomer. In the lower forms the angle at which the 
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bail-facial axis, when produced, meets the busi-cranial is an exceedingly open 
one; in the higher forms, owing to the downward inclination of the facial 
region, this angle decreases in size, though it is never reduced to less than a 
right angle. 

ThePectoral arch of the mammalia has fewer distinct elements than that of the 
Sauropsida. The coracoid, which in the latter is a large bone, taking a share at 
its dorsal en£ in the bounding of the glenoid cavity, and at its ventral end 
articulating with the sternum, is never present, in the adult, as a distinct bone. 
In the young of many mammals it appears to be represented by a small ossifi¬ 
cation which enters into the glenoid lacct; but this very soon coalesces with the 
scapula. The coracoid process, which is a separate ossification in the young 
mammal, and, though in most instances completely fusing with the scapula and 
with the smaller coracoid element, is sometimes recognisable as a distinct 
element up to a lute period (many Marsupials, Sloths), appears to correspond to 
the bone called epicoracoid in the Prototheria (vide p. 529). In foetal Marsupials 
the coracoid is represented by a well-developed cartilaginous element which 
extends inwards and meets the rudiment of the sternum. 

In the scapula a spine is nearly always developed, and usually ends in a 
freely-projecting acromion-process, It is developed, unlike the main body ol 
the scapula, without any antecedent formation of cartilage, and is perhaps to be 
compared with the cleitlmm, an investing bone occurring in some Amphibia and 
Keptilia (p. 338). A clavicle is well developed in many mammals, but is in¬ 
complete or absent in others; its presence is characteristic of mammals in 
which the fore-limbs are capable of gicat freedom of movement. In the embryo 
of llie mammals there is, in the position of the clavicular bar, a bar of cartilage, 
which coalesces with its fellow in the middle line. The cartilaginous tract thus 
formed segments into five ]K«1ions—,1 median, which coalesces with the pre- 
storniun, two small inner lateral, which unite with the clavicles or are converted 
into the stcmo-davicular ligaments, and two long outer lateral, which give rise 
to the clavicles. The median and inner lateral jiortioiis appear to correspond to 
the episternum of Reptiles and Prototheria. An additional small cartilage may 
represent the inner portion of the precoracoid of Amphibia. A piece of car¬ 
tilage at the outer end of Ihe clavicle proper is sometimes distinguishable—the 
meso-scapular segment. The three elements of the pelvic arch unite to form a 
single bone, the innominate. The ilia unite by broad surfaces with the sacrum; 
the pubes, ai\d sometimes the ischia, unite in a symphysis. All three may take 
a share in the formation of the acetabulum, but the pubis is usually shut out 
by a small cotyloid hone. In the shank the inner or tibial element is always the 
larger; the fibula may be rudimentary. A large sesamoid bone - the patella — 
is almost universally formed in close relation to the knee-joint. 

The most primitive type of extremity is the plantigrade, with five sub-equal 
digits, with a flexible carpus and tarsus, and with the bones “ interlocking ” 

vol. 11. 2 T* 



644 


ZOOLOGY 




Fio 598.—Carpus (upper) and tarsus (lower 
figure) of Trttemnodon ftfllil. «. f. astragalar 
foramen, ast. astragalus, cal. calumeum; cb. 
cuboid, ce centrale, cun cuneiform; c. i, a, 
3, ento-, meso- and ectocuneiforms f lu. lunar; 
mg. magnum; nor. navicular; sc. scaphoid; 
Id. trapezoid; fm. trapezium. (After Matthew.) 


(e.g., Trttemnodon, Fig. 598, and 
many primitive Mammals). From a 
generalised pattern of this sort many 
modifications have been derived. As 
an increasing adaptation to speed, 
the cursorial patterns proceed through 
the subdigitigrade to tfie digitigrade, 
and finally to the unguligrade con¬ 
dition as the extreme adaptation 
along this line. It is accompanied 
by an increase in the length of the 
digits, either along the axis of the 
third toe—the mesaxonic pattern— 
or between the third and fourth 
toes—the paraxomc pattern. An 
early stage of a mesaxonic foot can 
be seen in the Condylarth Tetradas- 
nodon, and its final stage in the Horse 
or the Litoptema (Fig. 599) where a 
functionally one-toed condition has 
been reached, although morphologic¬ 
ally three-toed, the second and fourth 
toes still being represented by splint 
bones. The paraxonic hand and foot, 
of which an early stage can be seen 
m the Creodont Mesonyx (Fig. 600), 
has the axis passmg between the 
third and fourth digits, which enlarge 
at an equal rate. The second and 
fifth toes, on the other hand, become 
equally reduced, and the first toe 
disappears. The final result can be 
seen in the more advanced Artio- 
dactyla— e.g., a Cow or Sheep—where 
there is a complete reduction to two 
toes and a fusion of the two 
metapodials into the characteristic 
"cannon bone" (Fig. 6ox). The 
bones of the carpus and tarsus, while 
retaining the characters of the inter¬ 
locking type, are arranged to allow 
great flexion in the fore-and-aft 
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direction, but little in the lateral. In many Artiodactyles there is a fusion 
of some of the bones of the tarsus (Fig. 602). 



Fig. 599—Fore and hind feet of Horses and Litoptema showing convergence. A. Xarj- 
Ohinra, three toed stages; B. Diftdiaphorofl, three toed stages, C. Pliohippns, single toed stages , 
DTrhMXhminm* single toed btages. (Redrawn after Matthew.) 

In bulky animals such as the Elephants, Dinocerata, etc., the carpals and 
tarsals become serially arranged with a great loss of flexibility, and the digits, 
while not reduced in number as a rule, become short and stout. Special 
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habits, such as hopping—the Kangaroos, Macroscelides among Insectivores, 
Dipus and Alactag<n are among the Rodents (Fig. 603); swimming— e.g., the 



Cetacea, Sirenia, Seals, etc.; flying— e.g., the Bats and to 
some extent the parachuting kinds of Marsupials and 
Rodents; digging, as in the Moles and several other 
forms, all produce modifications in the limbs, hands, and 
feet more or less profound. 

The generalised hand and foot has already been 
mentioned (see p. 80, Fig. 63). In the mammals the 
carpus contains three proximal bones (Figs. 601, 604, 605, 
606): the scaphoid, lunar and cuneiform, to which is added 
on the outer side a sesamoid bone, the pisiform. The distal 
row consists of four bones: the trapezium, trapezoid, 
magnum, and unciform, the last named being a fusion of 
the fourth and fifth bones of this row. In primitive 
mammals another bone is present, the centrals, which lies 
between the bones of the first and second rows. In reptiles 
there can be as many as three centralia, but in mammals 
there is never more than this one, and this usually 
disappears either by fusion or loss. 


The tarsus is usually rather more modified from the 
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Fig. 600. - 
Piiraxonic carpus and 
tar&us ot Mesonyx. 
ast . astragalus; ( l( 
t, aJ onto-, meso- and 
uctoLuni'ilonn&; cal 
calc aneum; cb. cu¬ 
boid , cun. cuneiform; 
lu lunar; mg mag¬ 
num; nav. navicular; 
pis. pisiform; sc. sca¬ 
phoid; if trapezoid, 
tm. trapezium; unc. 
unciform. 


generalised pattern than is the carpus (Figs. 602, 607, 608). 
There an' only two proximal bones: the astragalus and 
calcaneum, which correspond to the scaphoid and cuneiform. 
The distal row is represented by the ecto-, meso-, and 
ento-cuneiforms, and the cuboid, which Is formed by the 
fusion of the fourth and fifth cuneiforms and corresponds 
to the unciform of the hand. The centralc becomes a 
large and important bone, the navicular. 

The astragalus is also, in another sense, an important 
bone, because its shape differs in the various orders, but 
itself remains true to its particular type, subject only to 
differences in proportion, however much the rest of the 
foot may become modified. It can therefore be a very 
useful guide to the affinity of any form, especially in the 
case of some extinct Mammals. The astragalus consists 
of a proximal grooved surface the trochlea, which articulates 
proximally with the tibia and fibula, a neck and a head of 
varying shape which articulates with the nuvirular, and 


sometimes with the cuboid as well. In many early forms an astragalar foramen 


is present near the upper border of the trochlea. This foramen usually diappears 


in later mammals, but still occurs sporadically, as, for example, in Orycteropus. 
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The main modifications of the astragalus are as follows. In the Condy- 
larth-Creodont-Camivore group the tihial trochlea is more or less grooved, 
obliquely pitched, with the inner (tibial) crest lower than the outer (fibular), 
or even absent; the neck is distinct and the head convex (Fig. 609 A). In the 
Insectivora the trochlea is broad and shallow, but with well-defined crests of 
equal height, the neck is oblique and oval in section, the head convex (Fig. 
609 B). The Primate astragalus (Fig. 609D) has a concavo-convex trochlear 
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I'Kt. 001. 
- Hones uf 
manus of Bed 
Deer ((ett'u s 

elaphus) hi*. 
in h . vestigial 
second ami 
fifth nieta 
larpals; if. ra¬ 
dius. (After 
Flower.) 



Fig. -D 01 - 

s.l 1 surface of right 
tarsus of Bed Deer 
(( eivus elaphus). a . 
astragalus; c. c ril 
1 rincum ; t b. cuIkjiJ , 
i J conjoined erto 
ami meso-cunei 
form, mill, ml I', 
thud and fourth 
metatarsals, if. na 
vitular. (Vftei 

Flower) 



Fi(». ( 103 . 
-Hmd foot 

ol Dipus. 



Vic. 604 .-- 
Bones of the manus 
of Tapir (Tapints 
mduus). c. tunci- 
lorni; l. lunar: m. 
magnum; p. pisi¬ 
form ; if. radius; 

v. scaphoid; td. 
trapezoid; tm. tra¬ 
pezium ; U. ulna; 

w. unciform. (After 
Flowei.) 


surface, broader at the neck end than above, a somewhat oblique neck and a 
convex head. In the Rodents the general appearance is like that of the Insecti- 
vores, except that the trochlea extends backwards to the posterior margin of the 
bone (Fig. 609 E). In the Perissodactyla (Fig. 609 H, I) the trochlea is deeply 
grooved and oblique, the neck short, and the head flattened. In the earlier forms 
there is a very small astragalo-cuboid facet which, in more advanced forms, 
especially in the rhinoceroses and titanotlicres, becomes larger, though never to 
the extent that it does in the highly characteristic artiodactyle astragalus, where 
the trochlea is deeply grooved in a straight line with the head and neck, and 
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with well-marked facets for both the cuboid and navicular (Fig. 609 F, G). In 
this type also the sustentacular facet on the medial aspect, which articulates 
with the calcaneum, is a single large and flat surface instead of being divided, 
as in other astragali. 

Other bones of the carpus and tarsus have their distinguishing charac¬ 
teristics, if rather less obvious than those of the astragalus, as, for example, 



Fig. 605.— 
Bones of the 
manna of Hone 
{Equus caballus ). 
c. cuneiform; /. 
lunar; v». mag¬ 
num ; p* pisi¬ 
form; /{.radius; 
s. scaphoid; td. 
trapezoid; ti. 
unciform; II, 
IV, vestigial 
second and 
fourth meta- 
cazpals. (After 
Flower.) 



Fig. 60b.— 
Bones of mamib 
of Fig [Sus 
scrofa). c. cunei¬ 
form ; l . lunar, 
m. magnum; R, 
radius; s. sca¬ 
phoid , td. tra¬ 
pezoid; U. ulna; 
u. unciform. 
(After Flower.) 



Fig. 607.—Dorsal sur¬ 
face of right Larsus of 
Hme (Equus caballus ). a. 
astragalus; c. calcaneum, 
cb. cuboid; c. united 
meso- and ento-cunei- 
form; c*. ecto cuneiform; 
n. navicular; mil t IV, 
vestigia] second and 
fourui metatarsals; 111 , 
third metatarsal. (After 
Flower.) 



Fig. 608.—Dor 
sal surface of right 
tarsus of Pig (Sns 
sctofa). a. astra¬ 
galus ; c. calcan¬ 
eum ; cb. cuboid; 
cK ecto-cuneifonn; 
f*. meso-cuneiform; 
mil — V, meta¬ 
tarsals ; vi. navicu¬ 
lar. (After Flower.) 


the artiodactyle cuboid, which shows a constant difference from the cuboid of 
all other Mammals in having a facet on its outer border for the calcanetim. 

The external form of the limbs and the mode of articulation of the bones 
vary in the different orders of the Mammalia, in accordance with the mode of 
locomotion. In most the habitual attitude is that which is termed the quad¬ 
rupedal —the body being supported in a horizontal position by all four limbs. 
In quadrupedal mammals the manus and pes sometimes rest on the ventral 
surfaces of the entire metacarpal and metatarsal regions as well as on the 
phalanges—when the limbs are said to be plantigrade', or on the ventral 
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surfaces of the ph a l a n ges Only (iigitigrade ); or on the hoofs developed on the 
terminal phalanges (unguligrade ). Many of the quadrupeds have the extremities 
prehensile, the hand and foot being converted into grasping organs. This is 
most marked in quadrupeds that pass the greater part of their life among the 
branches of trees, and in the Sloths the modification goes so far that both hands 
and feet are converted into mere hooks by means of which the animal is enabled 
to suspend itself body downwards from the branches of trees. 

Certain mammals, again, have their limbs modified for locomotion through 
the air. The only truly flying Mammals are the Bats and the so-called " Flying 
Foxes," in which the digits of the tore-limb are greatly extended so as to support 
•a wide delicate fold of skin constituting the wing. In other so-called flying 




Mammals, such as the Flying Squirrels, and Flying Phalangers, there is no active 
flight, and the limbs undergo no special modification; the flying organ, if it may 
be so termed, in these cases being merely a parachute or patagium in the form 
of lateral flaps of skin extending along the sides of the body between the fore- 
and hind-limbs. 

Further, there are certain groups of smmtntng mammals. Most mammals, 
without any special modification of the limbs, are able to swim, and some of the 
quadrupeds, such as the Tapirs and Hippopotami, spend a great part of their 
life in the water. But there are certain mammals in which the limbs are so 
specially modified to fit them for an aquatic existence—assuming the form of 
flippers or swimming paddles—that locomotion on land becomes almost, if 
not quite, impossible. Such are the Whales and Porpoises, the Dugongs and 
Manatees, and, in a less degree, the Seals and Walruses. 
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DigMttve Organs. — Teeth are present in nearly all Mammals, but in some 
they are wanting in the adult condition (Whalebone Whales and Omitho- 



rhynchus). In Tachyglossus teeth are 
not present even in the young. In some 
of the Ant-eaters teeth are developed in 
the foetus and are thrown off in uicro — 
the adult animal being devoid of them. 

Teeth, as already explained in the 
genera] account of the Craniata, are 
developed partly from the epidermis and 
partly from the underlying dermis. In' 
the Mammals each tooth is lodged in a 
socket or alveolus in the jaw. The part 
of the tooth developed from the 
epidermis is the enamel; the remainder 
of the tooth—dentine, cement and 
pulp—being formed from the subjacent 
mesodermal tissue. 

Along the oral surface of the jaw is 
formed a ridge like ingrowth of the ecto¬ 
derm—the dental lamina (Fig. 6 ii, lam.). 
The position of tliis is indicated ex¬ 
ternally by a groove - -the dental groove 
(gr.), and from it a bud is given off in 
the position to be occupied by cadi of 
the teeth. This becomes constricted off 


Fig, 6io. —Diagrammatic sections of 
various forms of teeth. J, incisor or tusk 
of Elephant with pulp-cavity persistently 
open at base; II, human incisor during 
development, with root imperfectly formed, 
and pulp-cavity widely open at base, III , 
completely formed human incisor, with 
pulp-cavity opening by a contracted aper¬ 
ture at base of root, IV, human molar with 
broad crown and two roots, V, molar of 
the Ox, with the enamel < ovenng the crown 
deeply folded, and the depressions filled 
up with cement; the surface is worn by 
use, otherwise the enamel coating would be 
continuous at the top of the ridges In 
all the figures the enamel is black, the pulp 
white, the dentine represented by horizontal 
lines, and the cement by dots. (After 
Flower and Lydekker) 


as a conical cap of cells—the enamel- 
organ —which remains in continuity with 
the dental ridge only by a narrow 
isthmus. This cap-likc form is brought 
about by the development of a papilla 
of condensed dermal tissue—the dental 
papilla [pap.), which pushes upwards 
against the enamel-organ. On the 
surface of this papilla, in contact with 
the enamel-organ, the cells (odontoblasts) 
become arranged into a layer having the 
appearance of an epithelium—the dentine- 
forming layer. The cells of the enamel- 


organ form two layers, of which that in contact with the dental papilla assumes 


the character of a layer of long cylindrical cells—the enamel-membrane (en. 


m.); the more superficial layer consists of cubical cells. Between the two 
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the remaining cells of the enamel-organ become modified to form a kind of 
connective tissue—the enamel-pulp (en. pip ) 

The connective tissue immediately surrounding the entire tudimcnt of the 



Fig oi 1 Two stages in the development of the teeth of a HmmmJ (diagrammatic sections) 
alv bone of alveolus dent s dental sac , en m enamel membrane t n pip enamel pulp 
gv dental groove lam dental lamina lam 9 part of dental lamini which grows downwards 
below the tooth germ, pap dental papilla (\fter O Ilertwig) 


tooth becomes vascular and forms a distinct investment -the dental s>ac (dent. 


s.); from this blood-vessels extend into 

Ossification begins by the formation 
produced by the dentine-forming cells, 
and of a layer of enamel (en ) on the 
Mirface of this, produced by the cells 
of the enamel membrane To these 
additional layers are added until the 
crown of the tooth becomes fully de- 
\ eloped The substance of the dental 
papilla gives nse to the pulp As the 
tooth elongates, it projects on the 
surface and eventually breaks through 
the mucous membrane of the gum, the 
remains of the enamel-organ becoming 
thrown off The cement is formed hy 
the ossification of the connective-tissue 
of the dpntal sac 

In the teeth of most mammals 
distinct roots are formed, each with >1 
minute opening leading into the pulj>- 
cavity (Fig 610, 111 — V ), but m 
some there are no roots, tlie pulp-cavity 


the papilla. 

of a cap of dentine (Fig 612 dent), 



1 ig <>11 — Diagrammatic section showing 
the development of the milk and permanent 
teeth of Mammall. ah bone of alveolus 
dint dentine dtnt ? (hntalsoc tn lajcr 
oi enamel tn m enamel membrane of 

milk tootli en m* enamel-membrane of 

permanent tooth en pip enamel pulp of 
milk tooth gr dental groove r am dental 
lanuna n neck connecting milk tooth 
with Umini pap dental papilla of milk 
tooth pap 1 dental papilla of permanent 
tooth (\fterO Hertwip ) 

being widely open below (I), and the 


tooth constantly growing from the base as it becomes worn away at the 


crown, such teeth are said to have persistent pulps. 

Usually Mammals have two distinct sets of teeth developed, the milk and 
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permanent dentitions, but sometimes them is only one, and accordingly we 
distinguish diphydont and monophyodont dentitions: in nearly all of the latter, 
however, another set is developed, though the teeth early become absorbed or 



famiiim 

Flower 


Flo. 613.—Milk- and permanent dentition of upper (/) and lower ( 11 ) laws of the Dog (Cnu 

Jy.. 


titans), with the symbols by which the different teeth are commonly designated, 
and Lydekker.) 


(After 


remain in the condition of fuuctionless vestiges; and in a considerable number 
of groups it has been found that more than two sets of teeth are formed, only 
one, or at most (in diphyodont forms) two, of these sets become fully 
developed. The milk-teeth in mammals with typical diphyodont dentition 



sometimes disappear at an early stage, and sometimes do not become replaced 
by the permanent teeth till long after birth. Some mammals have the teeth 
almost indefinite in number, e.g„ the Dolphins and Porpoises, in which they 
are all uniform (homodont) and not divided into sets (Fig. 614). In the typical 





PHYLUM CHORDATA 


653 

dentition there are forty-four teeth, viz., three incisors on each side, one canine, 
and seven premolars and molars above and below. The incisors (Fig. 6x2, t.) 
of the upper jaw are to be distinguished as being the teeth that are lodged 
in the premaxillac; the incisors of the lower jaw are the teeth that are placed 
opposite to these. The upper canine (c.) is the most anterior tooth of the 
maxilla, situated on or immediately behind the premaxillo-maxiUary suture, 
and has usually a characteristic shape. The lower canine is the tooth which 
bites in front of the upper canine. The premolars {p.) are distinguished from 
the molars by having milk predecessors (d.m.), but the first premolar is. except 
in the Marsupials, nearly always a persistent milk-tooth; the molars (m.) have 
no teeth preceding them, and are sometimes looked upon as persistent teeth 
of the first set. The various sets of teeth are also usually distinguishable by 
their shape. As a rule the incisors have cutting edges; the canines are pointed 
and conical; the premolars and molars have broad surfaces with ridges and 
tubercles for crushing the food, and may have from two to four roots. 

The crown-surface of the molar teeth 
of mammals shows a wide range of 
pattern which, used with caution and 
with the possibility of convergence duly 
borne in mind, is of great use in classi¬ 
fication. With very few exceptions 
these patterns can be expressed as 
modifications of a relatively simple 
type, and tins type itself can be ex- J (After Owen.) 

plained as a modification from a simple 

ancestral reptilian cone This basal type of mammalian molar pattern is termed 
the tritubercular, w*tb respect to the upper molar and trituberculo-scctorial with 
respect to the lower. The theory of its origin, due originally to Cope, and 
subsequently added to and amended by Osborn, is known universally as the 
Cope-Osborn theory of trituberculy. The theory in its present-day form will be 
more easily understood if a brief and condensed history of its origin is first given. 

Cope noticed that the molar teeth of the earliest mammals commonly 
possessed a tri ang ular crown with three main cusps or tubercles, and that 
later forms tended to have molars with from four to six tubercles, and these 
he regarded as derived from the earlier triangular type. Osborn greatly de¬ 
veloped this hypothesis and, on the assumption that the principal cusps axe 
homologous throughout the mammalia, gave them names that have been in 
universal use ever since. Osborn's view as to the method of origin of the 
individual cusps, which has since been modified in some important respects, 
was as follows (Fig. 6x6). Starting with a simple reptilian cone, this was 
assumed to have elongated in an antero-posterior direction and two subsidiary 
cones to have arisen one on the front and one on the hind border, thus 
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producing a triconodont tooth. These two cusps were then supposed to have 
rotated in opposite directions in the upper and lower jaws to form triangular 
or tritubercular teeth. The apex of the triangle, or trigon, points inwards in 
the upper tooth and outwards in the lower. The cusp at the apex of the 
triangle, being supposed to represent the original reptilian cone, was named 
the protocone in the upper and protoconid in the lower tooth. 1 

COPE-OSBORN m. GREGORY 





Fig. 6iG.—D iagram comparing the original Cope-Osbom theory of the tritubercular origin 
of molar teeth with its modification by Gregory. At the top the two black circles represent an 
upper and lower leptilian cone as the starting point. The black circles iu the other teeth 
represent the protocone of the upper and protoconid of the lower tooth, respectively. 


1 The suffix -id designates a cusp on the lower raokir, Of the other two cusps, the antero- 
external was named the paruone and the postero-extomal the metacone. A fourth cusp arising 
later on the cingulum on the postero-internal side, termed the hypocone , produce a quadri-tuber- 
cular tboth, and by the evolution of two smaller intermediate cusps, an anterior, the protocouule, 
and a posterior, the nutaconule, the six cusped tooth, which underlies the molar pattern of so 
many mammals, comes into being. Like the upper, the lower molar consists of a triangle, or 
trigonid, and in addition a posterior shelf, the talotnd, on which a number of cusps arise to produce 
the trituberculo-sectorial pattern, termed the entoconid, hypoccnulid, and hypoconid . 
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At a very early stage criticism was directed against the view that the proto¬ 
cone of the mammalian tritubercular tooth represents the ori gina l reptilian 
cone largely because in ontogeny it is not the first cusp to be formed, nor is 
there any known evidence to support the hypothesis of the rotation of the sub¬ 
sidiary cusps to form the triangles. Within the premolar series, and still more 
in the milk-molar series, there is usually a transition from behind forwards 
from a tooth that resembles a molar in many respects to one that is more 
like a canine or an incisor. If the single cusp of the canine is traced back¬ 
wards through the successive teeth, it is seen to correspond to the paracone 
of the molar, and not to the protocone. 1 The protocone of the molar is repre¬ 
sented on the more anterior teeth as an inner shelf at the base, or is even 
completely absent, and it was therefore thought probable that this cusp is 
secondary in origin to the paracone, a statement which is consistent with the 
embryological evidence. Further evidence for the same theory is found in the 
fact that in some groups the premolars evolve from simple peg-like teeth to a 
molariform condition, 3 and in this evolution the original cusp becomes the 
paracone of the molar rather than the protoconc. 

Subsequent discovery of other early mammalian dentitions has given rise 
to a more probable explanation of how the molar pattern arose, which snakes 
use of Osborn's original cusp terminology with certain modifications in the 
interpretation of their origin, of which the most important is that the term 
p>otocone is understood to represent not the original reptilian cone, but a 
secondary cusp, which arises on the internal border of the upper molar. The 
protoconid, on the other hand, does represent the original main cusp. The 
original reptilian cusps therefore, both in the upper and lower jaws, lie 
on the outer bolder, and the hyjiotliesis of reversal of the triangles is no 
longer required. 

To return to the probable evolution of the triangle of main cusps. 
Although the vast majority of Genozoic mammalian teeth are derivatives of 
the tritubercular type, certain piimitive mammals have teeth of a somewhat 
different pattern. Some of them have zalcnribdadont teeth, in which the 
inetacone is not distinct from the paracone and the protocone is very small 
(Fig. 617). Others have dilambdodont teeth, in which the paracone and meta¬ 
cone are V-shaped, well separated, and placed near the middle of the tooth. 
Both these types can be traced very far back in time, and they have probably 
not been derived from the tritubercular type, although they must have had a 
common origin with it. Some idea of what the common ancestor was like is, 
given by the Insectivore Deltathmdium pretrituberculare (Fig 617), from the 
Cretaceous of Mongolia. Here the upper molar is a narrow triangle, on which 
there is a small cusp in the position of the protoconc and two closely applied 

1 This is the essence of the " promolar analogy " theory. 

1 Thu process is called the moiarnation of the premolars, 
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Fig. 617.—Diagram 1 of the right upper end lower metier tooth of verioue primitive mammal*. 
In the Cntaceone and Cenozoic examples the protocone and protocomd are coloured Mack. 
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cusps in the centre, the paracone and metacone. 1 From the evidence of 
Deltaiheridum it has been suggested that a single cusp in the tooth of ancestral 
Mammals became divided into two to give rise to the paracone and metacone of 
later forms. This original undivided outer cusp is called the ampkicone. 

Still earlier in time, the molar of a mcsozoic Pantothcre (Pig. 6x7) is a 
transversely elongated tooth with a main inner and outer cusp, together with 
some smaller cuspules. It has been supposed that the inner main cusp in the 
protocone and the outer main cusp the amphicone. This view, however, is 
open to criticism, because the inner cusp is the highest on the tooth and seems 
to correspond to the main cusp of the premolars and the canine, as does the 
paracone, rather than the protocone, in other Mammals. The various mesozoic 
Ma mmals show a great variety of molar pattern, the relation of which to modern 
types is still a matter of discussion. 1 

It is certain that, in whatever manner the tritubercular tooth may have 
arisen, the subsequent sexi-tubercular tooth has been derived from it. This is 
liome out by an enormous amount of direct fossil evidence, and it is possible 
to show that such diverse tooth-patterns as that of an Artiodactyl, a 
Pcrissodactyl, or a Carnivore can be derived from the tritubercular type. 

Further terms are in use to designate different parts of a tooth. If the cusps 
remain separate and rounded, the tooth is termed bunoid, if they join to form 
ridges, these ridges are termed lophs, and the tooth is lophodont. A tooth with 
crescentic cusps is sclenodont. Any tooth may have a combination of these 
characters, in which case it is called buno-lophodont, buno-selenodont, etc. 
Additional pillars such as can be seen in the molar of a Horse, or on the outer 
border or ectolopk of many teeth, are called styles—e.g., Ihe proto-, meso- and 
ineta-style, etc. A tooth with a low crown is termed brachydont, and with a high 
crown and deep socket termed hypsodont. 

As has already been stated, the crown pattern of the teeth of Mammals is 
largely used as a guide to their affinities. Generally speaking, it is a fairly 
dependable one, and starting front the more primitive and generalised forms 
of dentition, such as is shown by the early lnscctivores, Creodonts, and Condyl- 
arths, the major groups of Mammals usually have trends of evolution on their 
own recognisable lines. Thus, for example, the Carnivora, the Artiodactyla, 
the Perissodactyla have all ultimately acquired dental patterns which arc 
sufficiently distinctive. Other groups, such as the Proboscidea, Cetacea, and 
Xenarthra, have patterns that are both distinctive and diagnostic. At the 
sam«> time exceptions occur, due presumably to sonic unusual and specialised 

1 There are*, further, some small cusps oo the external cingulum, cusp such as these frequently 
exist in early small Mammals with zalambdodont or dilambdodont molars. Whether such cusps 
are always homologous is open to doubt. It must be understood that the original tritubercular 
tooth may have had small cusps additional to the principal named ones. 

1 For a discussion of this question, and a full account of tho history of the tritubercular theory, 
see W. K. Gregory (no. 96) and for details of the mesozoic forms, (>. G. Simpson (no. zzi), P. M. 
Butler (no. 89) in the appendix on literature. 
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kind of food, such as in ProteUs, an insect- and worm-eating Hyaena, or 
Polos, a fruit-eating Procyonid, both of which animals have their dentition 
. modified away from the usual carnivore type. These two are examples of 
a dentition that has degenerated, but there are many instances of tooth 
resemblance, more or less dose, among unrelated animals due to convergence, 
the result of similar feeding habits. Thus a permanently growing gnawing 
indsor is not absolutely diagnostic of a Rodent, but can^be found in more 
than one Primate, as, for instance, Chiromys (Daubentonia ) (Fig. 511), in 
TiUotherium and even in an Artiodactyle such as Myoiragus. A bilophodont 
form of molar tooth occurs in many diverse orders of mammals. The 
lophodont molar of the Hyracoids shows a curious resemblance to that of. 
the Rhinoceros, to quote but a few examples. The difficulty of being certain 
as to the true affinity of some mammals on the evidence of the teeth alone 
increases when the earlier and more primitive forms are considered, and to 
decide whether a Pabeocene or an Eocene tooth is to be ascribed to an Insectivore, 
a Primate, a Condylarth, or a Creodont is difficult, and sometimes in the present 
state of our knowledge is impossible. Precaution therefore must be taken 
against regarding as evidence of affinity a similarity of pattern, which may be 
the result of convergence due to a similarity oi habit. 

A comparison of the wide adaptive radiation of the teeth of the Marsupials 
into insectivorous, carnivorous, rodent, and herbivorous types of dentition 
with those of Placental Mammals of corresponding habits is instructive. 

The number of the various sets of teeth in the jaws is conveniently 
expressed by a dental formula, in which the kind of tooth (incisor, canine, 
pre-molar, molar) is indicated by the initial letter (*., c., p„ m.), and the whole 
formula has the arrangement of four vulgar fractions, in each of which the 
numerator indicates the teeth of the upper, the denominator those of the lower 
jaw. Thus: 


>. 




4'4 
4 - 4 ' 


m. 


3 ‘J 

3H 



or, in a simpler form, since the teeth of the right and left sides are always 
the same. 





Tachyglossus has no teeth at any stage. In Omithorhynchus teeth are 
present in the young and are functional for a time, but they are thrown off 
when the animal is about a year old; vestiges of an earlier dentition have been 
detected. The function of teeth is performed in the adult by broad homy 
{dates, one on each upper and one on each lower jaw (Figs. 474, 475). 

The Marsupials have the milk-dentition in a degenerate condition. Germs 
of milk-teeth are developed, but with the exertion of one—the last pre- 
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molar—these remain in an imperfect state of development, though they persist, 
as functionless vestiges, to a comparatively late stage. 

In the adult dentition of the Marsupials the number of incisors in the upper 
and lower jaws is always dissimilar, except 
in Phascoktnys. With regard to the arrange¬ 
ment of these teeth, the order falls into 
two series, termed respectively the diprotodont 
and the polyprotodont. In the former (Figs. 

618,619) the two anterior incisors are large 
and prominent, the rest of the incisors and 
the canines being smaller or absent. On 
the other hand, in the polyprotodont forms 
(Figs. 620, 621), which are all more or less 
carnivorous, the incisors are numerous and 
sub-equal and the canines large. There are 
typically three premolars and four molars. 

A good example of the diprotodont arrange¬ 
ment is the Kangaroo [Macropus, Fig. 619), 
which has the dental formula— 

* 

The canine is very small and early lost. Of the polyprotodont forms the 
Australian Dasyure or Native Cat (Fig. 492) has the formula— 

a i 2 4 

* 4- 

and the American Opossum [Didelphys) (Fig. 621) - 

*. 5 , c. P ■ w 50* 

4 i 3 4 



Fig. 618.—Front view of skull of 
_ (PhascolaiOos cinersus), illus¬ 
trating diprotodont and herbivorous 
dentition. (After Flower.) 



I«ig. 019.- Teeth of Great Kangaroo (Macropus major). (After Owen) 

The Xenarthra, though not by any means all toothless, always have some 
defect in the dentition; when teeth are present in the adult the anterior series 



rri 




is absent and the teeth are imperfect, wanting roots and devoid of enamel. 
The tooth-characters differ widdy in the different groups- In the Sloths there 
are five teeth above and four below on each side; no second series is known. 



Fig. O20 .—Front view of the skull of Tasmanian Devil (Sarcophtlus urciNiu), showing 
polyprotodont and carnivorous dentition. (Alter Flower) 



Fig. 621.—Teeth ol upper taw of OpOMUm {Didelphys matsufitalii), showing the condition 
typical of marsupials, in all of which there is no succession except 111 the last premnLir, the 
place of which is occupied in the young animal by a molanform tooth represented in the figure 
below the line of the other teeth. (Alter Flower and Lydekker) 



Fig. la js. —Section of lower jaw and teeth of Oryctaopui. (After Owen) 

In the American Ant-eaters there are no teeth in the adult. In the Armadillos 
on the other hand, the teeth are numerous, though simple and rootless, and, in 
one genus at least, two series occur. In the Scaly Ant-eaters there arc no teeth. 
In the Tubulidentata or Cape Ant-eaters (Fig. 622) again, there are numerous 
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teeth which are heterodont and diphyodont, and have a peculiar structure, 
being perforated by numerous minute, parallel, vertical ramals ; the pulp of 
each tooth, entire at its base, is divided distally into a number of parallel 
columns. 

In the Ungulata the dentition is heterodont and diphyodont, and the teeth 
are very rarely devoid of roots. In the Artiodactyla the premolars and 
molars differ from one another in pattern; the first upper premolar is almost 
always without a milk predecessor. The Pigs (Fig. 6*3) are among the very 



Fig. 623.— Left lateral view of the dentition of the Boax ( 5 us scrofa], the roots of the 
teeth Tieing exposed. (Alter Flower and Lydekker.) 


tew recent Mammalia which possess what has been referred to as a typical 
dentition: the formula of the completed dentition is— 


i . 3 , c. \ p. 4 , m. - — 44. 
3 1 r 4 3 


'1 he incisors of the upper jaw are vertical, those of the lower greatly inclined 
forwards. The canines are greatly developed, especially in the male, and 
grow from persistent pulps; both the upper and lower are bent upwards and 
outwards and work against one another in such a manner that the upper wears 
on its anterior and external surface, the lower at the extremity of the posterior 
surface. The premolars are compressed, with longitudinal cutting edges, and 
the molars are provided with numerous tubercles or cusps arranged for the 
most part in transverse rows (bunodont type). The first permanent premolar 
has no predecessor, the formula of the milk dentition being— 
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In the typical Ruminants there ate no teeth on the premaxilhe, the incisors 
of the lower jaw and the canines, which resemble them in shape, biting against 
a thickened callous pad on the opposed surface of the upper jaw, and the upper 
canines are also usually absent; there are three premolars and three molars in 
both upper and lower series, all characterised by the presence of coluran-like 
vertical folds of enamel, the interstices between which may be filled up with 
cement—the worn surface of the tooth presenting a pattern of the selenodont 
type (Fig. 6io, V). In the Camels there are a pair of upper incisors and a 
pair of large canines in each jaw. 



Fig. 624.—Side view of skull of Hone with the bone removed so as to expose the whole of 
the teeth, c . canine, Fr . frontal; i 1 . « a . »*. incisors; L. lachrymal; Mei. jugal; Afr, maxilla; 
m 1 . in 1 , m 1 . molars, Na. nasal ; 0. c. occipital condyle, Fa. parietal; p. m 1 . situation of the vestigial 
first premolar, which has been loht m the lower, but is present in the upper jaw; pm*, pm*, pmK 
remaining premolars; Pmx. premaxilla; p. p. par-occipital process; Sq. squamosal (After 
Flower ana Lydckker.) 


In the Peiissodactyla the molars and premolars form a continuous series 
of large teeth with ridged or complexly-folded crowns, the posterior premolars 
often differing little in size and structure from the molars. In the Horse 
(Fig. 624) the formula is— 


c. P. -44, 


but the first premolar is a small tooth which soon becomes lost. A fold of 
the enamel dips downwards (*.«., towards the root) from the extremity of the 
incisor teeth like the partly inverted finger of a glove; the canines are small 
in the female, and may not appear on the surface. There is a wide interval 
in both jaws between the canines and premolars. The premolar and molar 
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teeth present a complicated pattern due to folds of the enamel, which differ 
in their arrangement in the upper and lower jaws; their roots become 
completed only at a late period. 

In the Hyracoidea the dental formula is— 

t - c 0 b 4 tn 3 _ ,, 

2’ 0' 4 ' 3 — 34- 

The upper incisors are not unlike the larger pair of the Rabbit in shape, though 
prismatic and pointed, instead of compressed and chisel-like; they grow from 
persistent pulps. The outer incisors are elongated, inclined forwards, and tri- 
lobed at the extremities. The premolars and molars form a continuous series, 
separated by an interval from the incisors, and in pattern closely resemble those 
of some of the Perissodactyla. 

The Elephants (Fig. 562) have an extremely specialised dentition. There 
are no canines and no lower incisors. The single pair of upper incisors are 
developed into the enormous tusks (Fig. 610, I), which grow continuously 



J>ig. 62V —Left lower jaw of fretus of Batenoptal (Mbits, inner aspcit, showing teeth 

natural sue (Vfter Julin.) 

from persistent pulps throughout the life of the animal; they are of elongated 
conical form, and usually become curved. The tusks are composed of solid 
dentine, enamel occurring only on the apices, and becoming early worn away. 
Ihe molars (Fig. 562) are very large, and their worn surfaces are marked with 
prominent transverse ridges; there arc six molars altogether on each side, but 
only one or two are functional at once, the more posterior moving forward 
and taking the place of the more anterior as these become worn out. 

When teeth are developed in the Cetacea they are nearly always numerous, 
homodont, and monophyodont: in the S]H*rm-Whalcs they are confined to the 
lower jaw. In the Whalebone Whales, though teeth are developed in the foetal 
condition (Fig. 625), they become lost either before or soon aftei birth, and 
they are succeeded in the adult by the plates of baleen or whalebone (Fig 626), 
which, in the form of numerous triangular plates, hang vertically downwards 
from the palate. 

Of the Sirenia, the Dugong and Manatee have a heterodont dentition ] in 
Rhytina teeth were absent. In the two former Sirenians there are incisors 
and molars with a wide diastema between them. In the Manatee there are two 
rudimentary incisors on each side, both in the upper and the lower jaw; these 
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disappear before the adult condition is reached. There are altogether eleven 
molars on each side above and below, but not more than six of these are in 
use at once, the more anterior when worn out being succeeded by the more 
posterior. They have enamelled crowns with transverse ridges, and are pre¬ 
ceded by milk-teeth. In the Dugong there are no incisors in the mandible of 
the adult, and only one tusk-like pair in the upper jaw, large in the male—in 
which they grow from persistent pulps, little developed in the female and 
remaining concealed in their sockets. In the young there are rudimentary 



Fig. 626—Section of upper 
law of Balnnopten (a), with 
baleen-plates (b, c) fiayed out 
at tlieir free edge* (d, r) (\fter 
Owen) 



Tic. O27 - Left lower oroassial teeth of OamlraML 
/, Felu; //, Oanii; II l, Herpeites ; 1 1. Lutra; V, 
Holes ; VI, Urns, j, anterior lobe (paraconid) of 
blade; 2, postmen lube (protocomd) of blade; 3, inner 
insn (metacomd) # 4 , talon (hypoenmd). (Alter blower 
ami £ ydekker) 


incisors in the mandible, and also a rudimentary second pair in the upper jaw. 
There are either five or six molars on each side, both in the upper and lower 
jaws. These are cylindrical teeth, devoid of enamel, and with persistent pulps. 

In the Carnivora vera (Fig. 627) the dentition is complete, heterodont, and 
diphyodont, and all the teeth are provided with roots. The incisors are 
relatively small, chisel-shaped teeth; there are nearly always three of them 
on each side, in both upper and lower jaws. The canines are always large and 
pointed. The presence of camassials, consisting of the last premolar in the 
upper and the first molar in the lower jaw, is typical. In front of the 
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camassial the teeth are compressed and pointed; behind it they have broad 
surfaces. In the Cat family (Felida) the formula is— 


t. 


3 

3 ’ 


c. 




1 

1 


-- 3 °- 


The lower camassial is thus the last of the series. Tn the Dogs (Canid*) the 
formula is usually— 

*• ji P- 7* T * - 4^1 
1 4 3 


and in the Bears (Ursid*) it is the same. (For the pattern of the molar teeth 
•see Fig. 527.) 


In the Pinnipedia there are always fewer than - incisors, and cornossials 

3 


are not developed. The premolars and molars have a compressed, conical, 
pointed form. The prevailing denial formula of the Seals is-- 




In the Walrus the adult formula is— 



\,p. m. I ~ l8 . 


The upper canines take the form of large, nearly straight tusks. 

In the large order of the Rodents the dentition is remarkably uniform, and, 
in all its general characters, resembles what has already been described in the 
Rabbit. But the second, smaller pair of incisors of the upper jaw is present 
only in the Hares and Rabbits; the number of prcmolars and molars varies 
from — 


>. -, tn. 
0 



tn. 


3 

3 ’ 


■ and they may develop roots. 

In the lnscctivora the dentition is lieterodont, complete, and diphyodont. 
All the teeth are rooted. There are never fewer than two incisors on cither 
side of the lower jaw. The canines are not of large size. The crowns of the 
molars are beset with pointed tubercles. 

In the Chiroptcra the dentition is complete, and the teeth are all rooted. 
There is a milk-series which differs entirely from the permanent teeth. In 
the insectivorous Chiroptera (Bats) the molars are provided with pointed cusps, 
while in the frugivorous forms (" Flying Foxes ”) they are longitudinally 
grooved or excavated. 

In the Primates the teeth arc heterodont and diphyodont, and always form 
roots. There are almost invariably two incisors on each side in each jaw, and, 
in all but the Hapalid*, three molars. The dental formul* of the various 
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families have been given in the synopsis of the classification. The dentition of 
Man differs from that of the rest of the order in the teeth forming a continuous 
series not interrupted by a diastema, and m the comparatively small size of 
the canines 



-fif S/i Sr S/t Sr 



I ic» S28 —Different forms of the m Mammals A Dog ; Ti Mn> deoumuiu ; 

C Mu mnacnhu ; D Weaael ; / sc Iipiup of the rummant stomach the airow with the dottrel 
line showing the i ourse taktn by the food, J , human storaich a b c, muscles on inner side 
G, Camel; H Tachyglosgui aonleata ; I Bradypui tndactylm. 1 (in 1 and (•) abomasum ( a 

cardiac tnd ( wa gic iter curviture Cm lesser curvatun f)u duodenum Mli luum 

0 , psdltenuin Ot oesophagus P pyloius R (to the right in i ig /) ft rumen R (to the 
left in 1 ig I) f retuulum Sr cirdiac division, bp pylonc division W/ t water ccU* , •* 
duodenal pouches (I rom Wu dci sheun'b C ompat atur 1 natomy ) 


The mouth in mammals is bounded by fleshy lips On the floor of the 
mouth is situated the tongue, which is usually well developed, but vanes in 
size and shape in different ordci s. 1 ts surface is covered with papillae of different 
forms, m association with certain of which are the special end-organs of the 
nerves of taste—the taste-buds 1 he roof of the mouth is formed in front by the 
hard palate, consisting of the horizontal palatine plates of the maxillary and 
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palatine bones covered with mucous membrane. Behind the hard palate projects 
backwards the soft muscular fold of the soft palate, also with taste-buds, which 
divides the cavity of the pharynx into two chambers, an upper and a lower. In 
front of the opening, leading from the lower division of the pharynx into the 
larynx, is a cartilaginous plate—the epiglottis—of which rudiments only are 
found in certain lower vertebrates. 

The oesophagus is always a simple straight tube. The stomach varies greatly 
in different orders, being sometimes simple, as in the majority of mammals, 
sometimes divided into chambers, as in the Cetacea and the Ruminants. 

In the majority of mammals the stomach is a simple sac, as in the Rabbit 
4 (P- 502). But in certain groups it is complicated by the development of 
internal folds, and may be divided by constrictions into a number of differ¬ 
ent chambers. The complication of this organ reaches its extreme limit in 



Fig. 629.—Stomach of Ruminant opened to show the internal structure, a, oesophagus, 
b t rumen; c t reticulum; d, psalterium, e t abomasum: /, duodenum, (\fter Flower and 
Lydekker.) 

the ruminant Ungulata and in the Cetacea. In a typical Ruminant (Fig. 628 
E, Fig. 629), such as a Sheep or an Ox, the atomach i* divided into four cham¬ 
bers—the rumen or paunch, the reticulum, the psalterium, and the abomasum, 
or rennet stomach. The first of these (Fig. 629, 6) is much larger than the 
rest; its mucous membrane is beset with numerous short villi. The reticulum 
(c), which is much smaller than the rumen, has its mucous membrane raised 
up into a number of anastomosing ridges, giving its wall the appearance of a 
honeycomb with shallow cells. From the aperture by which the reticulum 
c omimin ira tBs with the rumen to that with which it communicates with the 
psalterium runs a groove bounded by a pair of nyiscular ridges, which are 
capable of dosing together in such a way as to convert the groove into a canal. 
The mucous membrane of the psalterium (d) is raised up into numerous longi¬ 
tudinal leaf-like folds. The abomasum (<?), smaller than the rumen, but larger 
than the reticulum, has a smooth vascular and glandular mucous membrane. 
The oesophagus opens into the rumen dose to its junction with the reticulum. 
The herbage on which the ruminant feeds is swallowed without mastication. 



668 


ZOOLOGY 


accompanied by copious saliva, and passes into the rumen and reticulum, where 
it lies until, having finished feeding, the animal begins ruminating or chewing 
the cud. In this process the sodden food is returned in rounded boluses from 
the rumen to the mouth, and there undergoes mastication. When fully 
masticated it is swallowed again in a semi-fluid condition, and passes along the 
groove into the reticulum, or over the unmasticated food contained in the 
latter chamber, to strain through between the leaves of the psalterium and enter 
the abomasum, where the process of digestion goes on. In some Ruminants 
the psalterium is wanting. In the Camels (Fig. 628, G) the stomach is not so 
complicated as in the more typical Ruminants, there being also no distinct 

a psalterium, and the rumen being* 

| I devoid of villi; both the rumen 

I I and the reticulum have con- 

] I nected with them a number of 

i J % pouch-like diverticula (w. 2.), the 

e / v % openings of which are capable 
^ / r\ J \ v ,('» of being closed by sphincter 

w j f/ J/ffJ' ;/■ muscles ; in these water is stored. 

I /Vrr^Sm' T V/l * n C® tacea the stomach is 

'\ *'if a k° divided compartments. 

I 1 ' M *, Jfj In the Porpoise (Fig. 630) the 

\ ’, v, (F oesophagus (a) opens into a 
^ \ f ■ / spacious paunch (ft), the cardiac 

\ l - 'jf * compartment of the stomach, 
a with a smooth, thick, mucons 

Fig. 630 —Diagrammatic section of th^tomach membrane. This is followed by 
of tlir Porpoise, a, oesophagus; b, left nr cardiac a second chamber (c), of con- 
compariment ; e, middle i umpartment ; d and e, •, ,, „ ,. 

the two divisions of the right, or pylonc compartment; MUCraoly smaller dunensions, 

f, pylorus; g, duodenum, dilated at its commence- with a glandular mucous mem- 
ment; A, bile-duct. (After Flown and 1 .ydekker.) , 

brane, which is thrown mto a 

number of complex folds. A long and narrow third, or pyloric, compart¬ 
ment (d, e) follows upon this, terminating in a constricted pyloric aperture, 
beyond which the beginning of the intestine is dilated into a bulb. 

A caecum, situated at the junction of the large and small intestines, is usually 
present, but varies greatly in extent in the different orders and families. It 
is much larger in vegetable-feeding than in carnivorous forms, and among the 
former it is those that have a simple stomach, such as the Rabbit, that have 
the largest caecum. Hyrax differs from all the rest of the class in having a pair 
of supplementary caeca situated some distance down the large intestine. A 
caecum is absent in the Sloths, some Cetacea, and a few Carnivora. 

The Prototheria resemble Reptiles, Birds, and Amphibia, and differ from 
other Mammals in the presence of a cloaca, into which not only the rectum 
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• but the urinary and genital ducts open. In the Marsupials a common 
sphincter muscle surrounds both anal and urinogenital apertures and in the 
female there is a definite cloaca j in nearly all the Eutheria the apertures 
are distinct, and separated from one another by a considerable space—the 
perinaum. 

The liver (Fig. 631) consists of two parts or main divisions, right and left, 
incompletely separated from one another by a fissure termed the umbilical, 
owing to its marking the position of the foetal umbilical vein. Typically each 
of these main divisions is divided by a fissure into two parts, so that right 
lateral ( rl .) and right central ( rc.) and left lateral (U.) and left central (Ic.) lobes an* 
^distinguishable. When a gall-bladder is present, as is the case in the majority 
of mammals, it is attached to, or embedded in, the right central lobe. A 
fissure, the portal, through which the 
portal vein and hepatic artery pass 
into the substance of the liver, and 
the hepatic vein passes out, crosses 
the right central lobe near the 
anterior border. The postcaval lies 
in contact with, or embedded in, the 
right lateral lobe near its anterior 
border, and given oft from this lobe, 
between the postcaval and the portal 
fissure, is a small lobe, of varying 
extent—the Spigelian. The term 
caudate lobe is applied to a process of 
the right lateral lobe, of considerable 
extent in most mammals, having the 
j*ostcaval vein in intimate relation 
to it, and often closely applied to 
the kidney. A gall-bladder is usually 
present, but is absent in the Cetacea, the Pcrissodactyle Ungulata, the 
Hyracoidea, and some Rodents. 

Vascular System. —The blood of mammals is warm, having a temperature 
always of from 35 0 to 40° 0 . The red corpuscles are non-nudeated : in form they 
are most us uall y biconcave discs, always circular in outline, except in the Cami- 
lidae, in which most of them are elliptical. Ihe lymphatic system ol vessels is 
very highly developed, ramifying richly throughout all parts of the body. In 
the course of thus system occur numerous lymphatic glands, rhe special part 
of the lymphatic system of vessels (lacieah) which ramify in the wall of the intes¬ 
tine pnd absorb the fatty matters of the food combine with the lymphatic 
vessels from the hind-limbs and body to form a receptacle—the rcceptaculum 
chyli- from wliich a tube, the thoracic duct, which may be double, runs forward 



Fig. 031 - I'ugrammatir plan of the bver 
of a Mammal (posterior barf ore). e. caudate 
lobe; cf. cystic lissurr, dv. ductus venosus; 
g. gall-bladder. It left central lobe; U lelt 
lateral lobe; Uf. left lateral fissure; p. portal 
win entering transverse ftssuie, u right central 
lobe; rl right lateral lobe, rlf right lateral 
fissure; s Spigelian lobe, 11 umbilical win, 
vc post-caval. (After Flower and l,}ddeker.) 
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to open into the base of one of the great veins of the precaval system by a 
valvular aperture. 

The general statements which have been given with regard to the heart of 
the Rabbit (p. 504) hold good for the Mammalia in general. The sinus venosus 
is never distinct from the right auricle: of its valves, which are more completely 
retained in the Edentata than in the other orders, the right gives rise to the 
Eustachian valve—a membranous fold, often fenestrated in the adult, extending 
from the right wall of the postcaval to the edge of the foramen ovale (annulus 
ovalis); while the left becomes merged in the auricular septum, helping to 
complete the annulus ovalis behind. Each auricle has an auricular appendix. 
The right auriculo-ventricular aperture has a three-lobed tricuspid valve, and . 
the left a two-lobed bicuspid, or mitral, with chords tendineae and musculi 
papillares. In all mammals the openings of the pulmonary artery and aorta are 
provided with three-lobed semilunar valves. 

The single aortic arch, situated in all mammals on the left side, varies 
greatly in the way in which it gives oil the main arterial trunks. Sometimes a 
single large trunk passes forward from the arch of the aorta and gives rise to 
both carotids and both subclavians. Sometimes there are two main trunks— 
right and left innominate arteries -each giving rise to the carotid and sub¬ 
clavian of its own side. Sometimes there is a right innominate giving off right 
carotid and right subclavian, the left carotid and left subclavian coming off 
separately from the arch of the aorta; or, as in the Rabbit, an innominate may 
give origin to the right Miljclavian and both carotids, the left subclavian coming 
off separately. 

In Mnnotremes and Marsupials, in most Ungulates, and in the Kodentia, 
Insectivora, and Chiroptera, both right and left precavals persist; in the others 
the left aborts, its vestige giving rise to the coronary sinus. In the Monotremes 
the openings of all three cavals are provided with valves, only vestiges of which 
exist in the other groups. In the Monotremes all the pulmonary veins open by 
a common tnink. In the Metatheria and Eutheria the four veins sometimes 
open separately, sometimes the two veins of each side unite to form a single 
lateral trunk. In Tachyglossus there is an abdominal vein corresponding to 
that of the Frog and Lizard (pp. 323 and 368). 

The following are some of the principal variations in the structure of the 
heart which occur in the different groups of mammals. In the Monotremes there 
is a deep fossa representing the fossa ovalis in the auricular septum. The auri¬ 
culo-ventricular valves depart from the structure typical of Mammas and 
approach the corresponding valves in the heart of Birds. In the Marsupials 
the fossa ovalis and annulus ovalis are absent; in the uterine foetus of the Kan¬ 
garoo the auricles communicate by a fissure, but all trace of this becomes lost 
before the adult stage is reached. 

In the Cetacea, Eustachian and Thebesian valves are both absent. In 
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some of the Cetacea the apices of the ventricles are separated by a slight 
depression. In the Sirenia there is a corresponding, but much deeper and 
wider, deft, so that the apex of the heart is distinctly bifid. 

In the Ungulata, Eustachian and coronary valves are both absent; in 
some there is a cartilage or a bone—the os cordis— often doable, at the base of 
the heart. The Eustachian valve is absent in most of the Carnivora. In the 
Pinnipedia an aperture of communications between the auricles often persists 
in the adult. 

The organs of respiration resemble those of the Rabbit in the general 
features mentioned on p. 508. 

In the Cetacea, the epiglottis and arytenoids are prolonged to form a tube, 
which extends into the nasal chambers and is embraced by the soft palate, so 
that a continuous passage is formed leading from the nasal chambers to the 
larynx, and giving rise to the condition of intra-narial epiglottis. In all the 
remaining orders a similar condition occasionally occurs—the epiglottis being 
produced upwards into the respiratory division of the pharynx behind the soft 
palate. In foetal Marsupials, in which the intra-narial condition is very com¬ 
plete, it is obviously associated with the passive absorption of the milk, while 
breathing is being carried on continuously through the nostrils. Some Cetacea 
and Artiodactyla, etc., are exceptional in having a third bronchus, which passes 
to the right lung anteriorly to the ordinary bronchus of that side and to the 
pulmonary artery. In connection with various parts of the respiratory system 
there are cavities containing air. The connection ot the tympanic cavity with 
the pharynx by means of the Eustachian tubes has been already mentioned. 
Air-sinuses, connected with the nasal chambers, extend into the bones of the 
skull, especially into the maxilla* and frontals, where they may reach large 
dimensions, ancl are known as the maxillary antra and frontal sinuses. Air- 
sacs are also developed in connection with the larynx in many of the Apes. 

Nervous System. —The brain of mammals (Fig. 632) is distinguished by 
its relatively large size, and by the large size and complex structure of the 
cerebral hemispheres of the fore-brain. 

The cerebral hemispheres of opixisite sides are connected together across 
the middle line in all mammals, except the Monotremes and Marsupials, by a 
band of nerve-tissue termed the corpus callosum - a structure not present in 
the Sauropsida. The hemispheres, in all but certain of the lower and smaller 
mammals, are not smooth, but marked by a number of grooves or sulci separating 
winding ridges or convolutions. The lateral ventricles in the interior of the 
hemispheres are of large size and somewhat complex form. 

The optic lobes, which are relatively small, are divided into four parts, and 
are hence called the corpora quadrigemina. The pineal body is always a small 
gland-like structure. Connecting together the lateral parts of the cerebellum, 
which, in the higher Mammals, attains a high degree of development, is a 
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transverse flattened band—the pons Varohi {Po.)~ crossing the hind-brain on 
its ventral aspect. 

In the Monotremes and Marsupials (Figs. 633, 634) there is no corpus 
callosum, while the anterior commissure {ant. com.) is of relatively large size, 

A B 



11C 632 -Dram of Dog. I. dorsal 7t, vcntial, t, lateral aspect B ol olfactory bulb, 
(t it crura cciebn, 1 1 f> gicat longitudinal hssuic, 1111, HH\ latera lobes of cerebellum, 
tl\p hypophysis Med spinal rurd; NH medulla oblongata , Po pons Vorolu f VII cerebral 
hemispheres, Hu, middle lobe (vermis) of cerebellum 1 XI l cerebral neives (Fioiu 
Wiedersheim s C ompatatne Anatomy .) 


and, unhke the corresponding commissure in lower vertebrates, contains fibres 
connecting together aieas of the non-olfactory regions {neo-pallium) of the 
hemisplieies The hippocampi extend along the whole length of the lateral 
ventricles. The layer of nerve-cells in each hippocampus gives origin, as in 
Eutheria, to numerous fibres, which form a layer on the surface, the alveus, 
and become arranged in a band—the tasnia hippocampi. In the Euthena, as 
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body of tite fornix (see p. 5 10 )- In the Monotremes and Marsupials, on the 
other hand, there is no such union; the fibres of the tgenia run towards the 
foramen o£ Monro, where they become divided into several sets. Of these one 
set, constituting the great majority of the fibres, pass into the hippocampus of 
the opposite side, giving rise to a hippocampal commissure (hip. com*, cf. Figs. 
633 and 634); the great development of which readily leads to its being mis¬ 
taken for a corpus callosum. The fibres entering into the formation of this 
comixiissure correspond, however, not to the fibres of the corpus callosum, which 



Fig. 633.—Brain of T&ehyglomu acu¬ 
leate, sagittal section, ant. com. anterior 
commissure; cbl. cerebellum ; c. mam. 
corpus manmullare; col . forn . column of 
tho fornix; c. qu, corpora quadrigemina; 
gang. hab. habenular ganglion; hip. com. 
hippu-cainpal commissure; med. medulla 
oblongata j mid. com. middle commissure; 
olf. olfactory bulb; opt . optic chiasma; 
tub. otf. tuberculum oliactoriura; vent. 3, 
third ventricle. 



Fig. 634. —Sagittal section of brain of Rook 
Wallaby [I'ttfogaU penicillata ). ant. com. anterior 
commissure; cbl . cerebellum; c. mam . corpus 
mammillare; c. qu. corpora quadrigemina; crur. 
crura cerebri; epi. epiphysis, with the posterior 
commissure immediately behind; /. mon. position 
of foramen ol Monro; hip. com. hippocampal com¬ 
missure, consisting here of two layers continuous 
behind at the splenium, somewhat divergent in 
front where the septum lucidum extends between 
them ; hypo, hypophysis; med. medulla oblongata; 
mid. com. middle commissure; olf. olfactory bulb; 
opt. optic chiasma; vent. 3, third ventricle. 


is the commissure of the neo-pallium, but, as proved by their mode of origin, 
to the fibres of the fornix, and they connect together only the hippocampi, the 
fascia dentaUe, or specialised lower borders of the hippocampi, and an area of 
the hemisphere in front of the anterior commissure (pre-commissural area ): 
they thus constitute an olfactory or archipaUial commissure, since all these parts 
belong to the olfactory region of archipaUium of the hemispheres. In the 
Monotremes (Fig. 633) the hippocampal commissure is only very slightly bent 
downwards at its posterior extremity: In most Marsupials (Fig. 634) it 
bends sharply round posteriorly and runs forward again,, becoming thus folded 
into two layers, dorsal and ventral, continuous with one another at a posterior 
bend or splenium, similar to the splenium of the corpus callosum. The dorsal 
layer of the hippocampal commissure becomes almost completely replaced in the 
VOL. 11. z x 
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Euthem by the fibres of the corpus 
the shape of the psaUcrium or lyra. 



Ik, 6 if Drain of Omithor- 
rhynohni autism, dorsal view 
(nitural si/t) M KrcbeUum olj 
ollaitoiy bulbs 


callosum, aiul the ventral part persists in* 



1 is 6f6 Brain of Tachygloanu 
Booleata, dorsal view (natural sin) 


In Ornithorliynchus (big 635) the hemispheres are smooth, in Iachy- 
glossus (tig 636) they aie tolerably tidily convoluted Both genera, but moie 
particularly 1 ac liyglossus, are charartenstd by the<noinious development of the 




1 10 637 Brain of Kangaroo Ho O18 — Pirsil view of brain of Cbay’l 

(Mnctof'U'. majot) (Aftoi Owen) Wbala (Coffin51 aw) (Vtlci Haswell) 


paits of the hemispheres (archipallium) connected with the olfactory sense In 
the lower Marsupials there are no convolutions (Notoiyrtes, Koala, Phalangers), 
while m the higher the convolutions are numerous, though the sulci arc not very 
deep (Macropus, Fig 637) Among the Euthena theie is a great range in the 
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giriade of development of the brain, from the Rodents and lower Insectivores to 
the higher Primates. In the lower types of mammalian brain the cerebral 
hemispheres are relatively small, do not over-lap the cerebellum, and have 
smooth, or nearly smooth, surfaces. In the higher types the relative develop* 
ment of the hemispheres is immense, and their backward extension causes 
them to cover over all the rest of the brain, while the cortex is thrown into 
numerous complicated convolutions separated by deep sulci (Fig. 638). This 
development of the cerebral hemispheres reaches its maximum in Man. 

The organs of special raise have the same general structure and arrangement 
as in the Sauiopsida. Jacobson's organs, which in the Sauropsida constitute 
1 such important accessory parts to the 
olfactory apparatus, are .well developed 
only in the lower groups of mammals. 

The olfactory mucous membrane is of 
great extent, owing to the development 
of the convoluted ethmo-turbinal bones 
over which it extends. In the toothed 
Cetacea alone among mammals do the 
nasal chambers lose their sensory functions 
—the olfactory nerves being vestigial or 
absent. The organs of taste are taste-buds 
in the mucous membrane covering certain 
of the papillae on the surface of the 
tongue and in that of the soft palate. 

In essential structure the eye of the 
Mammal resembles that of the Ver¬ 
tebrates in general (see p. 113). The 
sclerotic is composed of condensed fibrous 
tissue. The pecten of the eye of Birds 
and Reptiles is absent. In most 
Mammals there are three movable eye¬ 
lids, two, upper and lower, opaque and usually covered with hair, and one 
anterior, translucent, and hairless—the nictitating membrane. The secretions 
of a lachrymal, a Harderian, and a series of Meibomian glands moisten and 
lubricate the outer surface of the eye-ball and its lids. In Moles, and certain 
other burrowing Insectivores and Rodents, and in Notoryctes among the 
Marsupials, the eyres are imperfectly developed and functionless. 

The ear of a ma mmal is more highly developed than that of other verte¬ 
brates, both in respect of the greater complexity of the essential part—the 
membranous labyrinth—and in the greater development of the accessory parts. 
A large external auditory pinna, supported by cartilage, is almost invariably 
present, except in the Monotremata, Cetacea, and Sirenia. This is a widely 



Fig. 639.—Sagittal section through 
the nasal and buccal cavities of the human 
head. /, II, III, the three olfactory 
ridges formed by the turbinals; be, 
entrance to the mouth; Ig. tongue; 
os, opening of Eustachian tube; sn' t 
frontal sinus; sn'\ sphenoidal sinus; v, t, 
atlas vertebra; v. ii , axis vertebra. 
(After Wiedersheim.) 
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open funnel, of a variety of shapes in different groups, having the function of 
collecting the waves of sound. By the action of a system of muscles it is usually 
capable of being turned about in different directions. Enclosed by its basal 
part is the opening of the external auditory passage (Fig. 640, Ex.). This, the 
length of which varies, leads inwards to the tympanic membrane (M.), which 
separates it from the cavity of the middle ear or tympanic cavity. The wall of 
the external auditory passage is sometimes entirely membranous or cartilaginous, 
sometimes in part supported by a tubular pari: of the tympanic bone; in 
Tachyglossus it is strengthened by a series of incomplete rings of cartilage. The 
tympanic cavity, enclosed by the periotic and tympanic bones, communicates 



>ig. 640 —Vaits of the Human ear (diagrammatic) ( ch . cochlea* 11. Eustachian tube; 
/a. outei opening of car; L labyrinth; M. t^mpanu membrane; N, entranrc oi auditoiy 
nerve, O gM O t , 0, ( the three auditory ossicles, stapes, incus, malleus. (After IleadLe> ) 

with the upper or respiratory division of the pharynx by a longer or shorter 
tubular passage—the Eustachian tube (E ). On its inner wall are the fenestra; 
waits and rotunda, and across its cavilv, from the tympanic membrane to the 
fenestra ovalis, runs the irregular chain of auditory ossicles the malleus (Oj), 
the incus (O t ) and the stapes ( 0 |). These vary somewhat in form in different 
Mammals. The stapes is usually perforated by a considerable foramen, as in 
the Rabbit, but, in the Monotrcmes, certain Marsupials, and Manis among the 
Edentata, approximates more towards the rod-like shape which the columella 
presents in Amphibians, Reptiles, and Birds. The membranous labyrinth (I .) 
of the internal ear of a Mammal is characterised by the special development of 
the cochlea {('ch.), whit h (except in the Monotremes) is coiled into a spiral like 
the shell of a Snail. 

Urinogenltal Organs,— The kidneys of Mammals are compact organs of oval 
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shape. On the inner side is a notch or hilus, by which vessels and ducts enter 
or leave the interior of the kidney. The substance of the kidney consists of 
two distinctly marked portions—a central portion of medulla, and an outer 
part or cortex ; the latter is the secreting part; the former consists of a mass of 
straight tubules by which the secretion is carried to the ureter. The ureter 
dilates as it enters the kidneys to form a chamber—the pelvis —into which the 
straight tubules of the medulla of the kidney open. The openings of the 
tubules are on the summits of papillae, which are the apices of a series of pyra¬ 
midal masses into which, in most cases, the substance of the kidney is in¬ 
completely divided. In many mammals, however, there is no such division of 
the kidney substance, and all the ducts open on the surface of a single papilla. 
In others again (Ox, Bears, Seals, Cetacea) the division is carried so far that 
the kidney is divided externally into a number of distinctly separated lobules. 

The ureters in all the Theria open into a large median sac—the urinary 
bladder —situated in the posterior or pelvic part of the cavity of the abdomen. 
From this a median passage, the urinogenital passage or urctha —into which in 
the male the vasa deferentia open—-leads to the exterior. Only in the Mono- 
tremes do the two ureters and the bladder all have separate openings into the 
urinogenital division of the cloaca. 

The testes are oval bodies, which only exceptionally retain their original 
position in the abdominal cavity, descending in the majority of mammals 
through a canal—the inguinal canal —in the posterior part of the abdominal 
wall to lie in th eperinatum, or space between the urinogenital and anal apertures, 
or to be received into a pendulous pouch of skin, sometimes double -the 
scrotum. The penis, present in the males of all mammalia, consists of two 
corpora cavernosa, firm strands of vascular tissue attached proximatcly to the 
ischia except in the Monotremcs, MarsupiaL, and some Edentata, and a central 
strand, the corpus spongiosum, perforated by the urethral canal and often 
dilated at the extremity to form the giant,. 'I he two vasa deferentia continued 
from the epididymes, which arc* in close relation to the testes, join the urethal 
canal near the neck of the bladder, each often having connected with it, near 
its distal end, a sacculated reservoir—the vesicula scminalis. A small diverti¬ 
culum of the proximal part of the urethra —the uterus masculinus -may be a 
remnant of the Mullerian duct. Surrounding this part of the urethra is a 
glandular mass the prostate ghnd; and the ducts of a pair of small glands - 
Cotoper’s glands —open into the urethra near the base of the ]>enis. 

The ovaries arc compressed oval bodies which retain their primary position 
in the abdomen, or pass backwards into its posterior or pelvic part. In the 
Monotremes, large Graafian follicles project on the surface of the ovary, while 
in other mammals the Graafian follicles are very small, and the surface of the 
ovary is almost smooth. 

The oviducts have dilated funnel-like abdominal openings, the edges of which, 
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except in the Monotreincs, are fimbriated or fringed. In the Monotremes the 
two oviducts are distinct throughout their length, and open separately into a 



Fii». O41 —Various iorms ol uteri in Entharia. A, 1 ), C, D, diagrams illustrating the different 
degrees of coalescence of the oviducts. A, two distinct uteri. It, bicomuatc uterus. C, uterus 
with a median partition I), complete coalescence E, ft male reproductive oigans of one of 
the Mutfelina with embryos (**) in the uterus. F, female reproductive organs of the Hedgehog. 
/*, uunary bladder, Ce . cervix uteri (neck of utenis), N . Nn, kidneys and adrenal bodies; Od 
Fallopian tubu . Ot. ostium tulwe (abdominal opening of Fallopian tube); r. rectum; Sug urino- 
genital-canal ; Ur. ureter; ( r t uterus ( Vg vagina, tt* accessory glands. (From Wiedersheim's 
Comparative Anatomy ) 


urinogemtal sinus. In nearly all the Theria more or less coalescence takes 
place. In the Marsupials this coalescence is confined to the proximal part of 
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the vagina. In the Opossums (Fig. 641, A) the two oviducts are merely in 
dose apposition at one point behind the uteri, and there is no actual coalescence. 
In the rest of the Marsupials (B, C) the anterior portions of the oviduct in the 
region (vagina) behind the uteri unite to form a median chamber which may 
send backwards a median diverticulum (median vagina, Vg., B), and in this way 
communicate behind with the urinogenital passage. In the Eutheria there is 
a single median vagina (Fig. 641, Vg.) formed by the union of the posterior 
parts o( the two oviducts. In some cases the two uteri (/l, ut.) remain distinct; 
in others their posterior portions coalesce (B, C), the anterior parts remaining 
separate, so that then* is formed a median corpus uteri with two horns or 



Fig. 042.- l\iit uf a sagittal section of an Ovary of a new-born ihild bl. v blood-vessels; 
/oil stiings and gi unite of cells derived from the germinal epithelium becoming developed into 
■follicles, g ep. geumnal epithelium; in. ingrowing coid of rolls from the germinal epithelium, 
pi. oi. primitive ova. (From Hertwig, after W ildev 1 ) 


cornua. In Primates and some Edentates the loalescence goes still further, 
there being an undivided uterus (/)) in addition to an undivided vagina, the 
only parts of the oviducts which remain distinct from one another being the 
narrow anterior parts or Fallopian tubes. In all Mammals there is, in the 
vestibule or urinogenital passage through which the vagina communicates with 
the exterior by the aperture of the vulva, a small body the 1 litoris -the 
homologue of the penis, and sometimes perforated by the urethral canal. 

Development. - -The ova of mammals (Fig. 642), like those of vertebrates in 
general, are developed from certain cells of the germinal epithelium. Each of 
these, surrounded by smaller unmodified cells of the epithelium, sinks into the 
stroma of the ovary, in which it becomes imbedded, the small cells forming a 
Graafian follicle (foil) which encloses it. Soon spaces filled with fluid appear 
among the follicle cells (Fig. 643, A, sp), and these eventually coalesce to 
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form a single cavity. This cavity which in some mammals is crossed by strings 
of cells, separates an outer layer of the follicle cells—the membrana granulosa 
{mem.) —from the mass— cumulus proligerus {disc.) —surrounding the ovum, 
except on one side where they coalesce. A basement membrane is formed 
externally to the follicle cells, and the stroma around this becomes vascular, and 
forms a two-layered investment for the follicle. The cells immediately sur¬ 
rounding the ovum become arranged as a definite layer of cylindrical cells—the 
corona radiala. A thick membrane—the zona radiata —perforated by numerous 
radially arranged pores, into which project processes from the cells of the corona, 
invests the ovum; and in many, if not in all, there is beneath this a delicate 
vitelline membrane. In Marsupials the ovum contains yolk which is soon * 
extruded; the ovum of placentals contains no yolk. 



Fig. 64V—Two stages in the development of the Gnaftan follicle. A, with the follicular 
fluid beginning to appear; li, after the spare has largely mi reused, caps, 1 apsulo; disc, cumulus 
proligerus; tnetnb. membrana granulos.1. or', ovum; sp space containing fluid. (After IJertwig ) 

As the ovum approaches maturity the fluid— liquor folliculi —in the cavity 
of the follicle increases in quantity, so that the follicle becomes greatly distended. 
The follicle has meanwhile approached the surface of the ovary, on which rt 
comes to project as a rounded prominence. Eventually the middle region ol 
the projecting part of the wall of the follicle tliins out and ruptures, setting free 
the ovum, wliich passes into the Fallopian tube. On the way along the Fallo¬ 
pian tube fertilisation takes place, and, after becoming enclosed in on envelope of 
albumen (not always present), the ovum passes onwards to the uterus, there to 
undergo its development. In the place of the discharged ovum there is left a 
space which becomes filled with connective tissue to form a body known as the 
corpus luteum. If the ovum should become fertilised and proceed to develop in 
the uterus, the corpus luteum increases in size and persists for a considerable 
time: if no development takes place it disappears comparatively quickly. 

With the absence of food-yolk are connected most of the differences 
observable lietween the early stages of the development of a higher mammal 
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(Fig. 644) and the coiresponding stages in the development of a reptile or bird. 
One of the most striking of these is in the mode of cleavage. In the case of the 
large ovum of the Bird, as we have seen, the segmentation is of the incomplete 
or meroblastic type, being confined to a small disc of protoplasm—the germinal 
Use on one side of the ovum. In the Mammals on the other hand, except in 
the Monolremes, cleavage is complete or holoblastic, the entire ovum taking 
part in the process of segmentation. The cleavage is nearly or quite regular, the 








/W*. emb.end 
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lac 644—Diagram representing sections of the embryo of a Mammal at suicossive stages 
in the segmentation and formation of the layeis. A and /», formation of enclosing layer (tropho- 
hlast) and inner cell-mass destined to give nse to the embryo 0, blastoderm il vesicle with 
embryonic cell-mass (rmb) separated from trophobldit ( 1 *) cm apt on one bide, D, blastodermic 
vehicle in vhuli peripheral and embryonic portions of enduderin have become established tbe 
break lierc represented on each side between the two does not oecur h, stage in which the 
embryonic ectoderm has broken through the tmphoblast and bicome joined to it peripherally. 


cells into which the ovum divides being of equal, or approximately equal, size. 
The result, in the Euthena, is the formation of a sphere of cells, which soon 
become distinguishable into an outer layer the trophoblast, and a central mass, 
the inner ceU-tiuiss or embryonal knot. In the Marsupials, so far as known, the 
stage of a solid cellular sphere or morula does not occur, a central cavity being 
present from the outset. In the Eutheria, by imbibition oi liquid, a cavity, 
which is formed in the interior of the sphere, increases rapidly in size. The 
stage now reached is called the blastodermic vesicle. During the growth in size 
of the internal cavity the central mass of cells remains in contact with one side 
only of the trophoblast, where it spreads out as a stratum several cells deep. 
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From it are derived the embryonal ectoderm and the entire endoderm of 
the vesicle. 

The outer layer is apparently the equivalent of the extra-embryonal ecto¬ 
derm of the Bird and Reptile, and has been termed the trophoblast or tropho¬ 
blastic ectoderm, because of the part which it plays in the nutrition of the foetus. 
Immediately beneath it, throughout its extent, a thin layer of flattened cells 
appears—the peripheral endoderm: this is continuous with a similar layer 
formed on the inner surface of the embryonic cell-mass—the embryonic endo¬ 
derm —and is formed by outgrowth 
from it. The rest of the cell-inass 
gives rise to the embryonic ectoderm. 
The part of the trophoblast lying 
over this embryonic ectoderm, 
known as the covering layer or 
Rauber’s layer, has a widely 
different fate in different Rut heria: 
it may thin out and disappear. 

A primitive knot and embryonic 
shield are formed as in Reptiles. 
The primitive knot has simply 
the appearance of the somewhat 
enlaiged anterior extremity of a 
primitive streak (tig. 645, pr.) 
which is developed very much 
in the same way as in the Bird, 
its formation being due to the 
same cause as in the Bird, viz., 
active proliferation of cells lead¬ 
ing to the development of the 
beginnings of the mesoderm. A 
dark median streak, the head-process, appears in front of the primitive 
knot, and in some Mammals there is an invagination on the surface of 
the latter leading to the formation of a neurenteric canal and of a notochordal 
canal which gives rise to the rudiment of the posterior part of the notochord 
In the region of the anterior part of the primitive streak, the primitive 
knot and the head-process, the mesoderm coalesces with the endoderm; 
but there does not appear to be any breaking through into the underlying 
space such as occurs in Reptiles (p. 417). A medullary groove (rf) and canal 
are formed in front of the primitive streak, and a row of protovertebra: 
(Fig. 646) make their appearance on each side of the former. The embryo 
becomes folded off from the blastoderm as in the Bird, and at length the body 
of the young mammal is constricted ofi from the “ yolk-sac " or umbilical 



Fic. O4V -Embryonic area oi seven days' 
embryo Babbit. ag. cmbiyoniL area; o, plate of 
future vascular area f pr, primitive btreak; fr, 
medullary groove. (Horn Balfour, after Hblliker.) 
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vesicle, so that, ultimately, the two come to be connected only by a narrow 
yolk'Stalk (Figs (147 and 649): the yolk-sac is a thin-walled sac containing 
a coagulable fluid in place of yolk. A vascular area early becomes established 
around the embryo on the wall of the yolk-sac. 

The most important of the points of difference between a mammal and a 
Bird, as regards the latter part of the history of the development, are connected 
with the fate of the fatal membranes. The amnion is in many mammals 



Fig 646 Embryo Babbits of about nine days, from the dorul side a aorta, ab, optic 
vesicle, af, fold of amnion, ao. area opaca. ap, area pellucida, h hx t heart; W, h", medullary 
plate in the region ot the future fore btain ; h", medullary plate in the regum of the future mid- 
biam, hh and hk”\ hind-brain; mh t mid-brain, ph, pent jj dial section of body ca\ity, pr, 
primitive streak /v, lateral rone, rf, medullary groove. uw, proto vertebra; sU, vertebral 
/one, id pharynx, vo r vitelline vein (hi om Half oul. after Kolluccr) 

developed in the <-ame way as in the Bud, viz, by the formation of .1 system of 
folds of the eylid-embryonal somatoplcure wlurh arise from the blastoderm 
around the embryo, and grow upwards and inwards, eventually meeting in the 
middle over the body of the embryo, and uniting in such a way as to form two 
layers Of the two layers thus formed the outer, consisting of trophoblastic 
ectoderm and somatic mesoderm, simply constitutes a part of the extra- 
embryonic somatoplcure which forms a complete investment for the entire 
ovum, and is known as the chorion or sub-zonal membrane (Fig. 647, 2 and j). 
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Fig. 647.—Five diagrammatic sections illustrating the lormation ol the total membranes 
of a Mammal. In 1, 2, j, 4 the embryo is represented in longitudinal section. 1, Embryo with 
zona pellucida blastodermic vesicle, and embryonic area; 2, embryo with commencing formation of 
yolk-sac and amnion; j, embryo with amnion about to close; 4 1 embryo with villous chorion, 
larger allantois, and mouth and anus; 5, embryo in which the mesoderm of the allantois has 
extended round the inner surface of the chorion and united with it to form the foetal part of the 
placenta; the cavity of the allantois is aborted, a , ectoderm of embryo; a', ectoderm of non- 
embryonic part of the blastodermic vesicle; ah. amniotic cavity; al . allantois; am. amnion; 
fib. foetal part of placenta; chx, placental villi; d, in 1 zona radiata, in 2 and j chorion; d\ processes 
of zona radiata and chorion; dd, embryonic endodenn; df. area vasculosa; dg, stalk of umbilical 
vesicle; ds, cavity of umbilical vesicle; e. embryo; hh, pericardial cavity; i, non-embryonic 
endodenn; Kh, cavity of blastodermic vesicle; Ks. head-fold of amnion; m. embryonic meso¬ 
derm; m\ non-embryonic mesoderm; r, space between chorion and amnion; sh, subzonal 
membrane (chorion); ss, tail-fold of amnion; st. sinus terminalis; villi of chorion; vl. ventral 
body wall. (From Foster and Balfour, after Kolliker.) 
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I»ig O48 Female unnogemtal Apparatus ol various Marsupials* A., Didelphyi donigort 
(young), B, Tnchoeurus ; C. Phisoolomyi wombat B t urinary bladder. Cl cloaca, Ftm 
fimbfit, g clitoiis, A kidney, Od> Fallopian tube Ot its aperture, Ov. ovary, r. rectum, 
t l , its opening, Sug, unnogemtal canal. Ur. ureter, Ui uterus, Ut l opening of the uterus into 
the median vagina [Vg B ), Vg. lateral vagina, Vg x its opening into the unnogemtal canal, 
f* ( rectal glands, t* bend between uterus and vagina (From Wicdershcim’b Comparative 
Anatomy ) 
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In the account of the development of the Bird it has been referred to as the 
false amnion or serous membrane. The inner layer or true amnion, as in the 
Bird, forms the wall of a cavity—the amniotic entity (4 and 5, ah .)—which 
becomes tensely filled with fluid (the liquor amnii) over the body of the embryo; 
this serves the purpose of protecting the delicate embryo from the effects of 
shocks. As in the case of the Bird, the folds giving rise to the amnion and 



1'iGr. 649.—A Babbit embryo and blastodermic vesicle dt (lie end of the tenth da>. The 
embryo is represented in surface view from the right side, the course of the alimentary canal 
being indicated by the broad dotted line; the blastodermic vesicle is shown in median longitudwa, 
section. The great part »t tlic tail has been removed. A Apro-amnion, AX. cavity of amnion 
C. extra-embryonic portion of coelome; L. ectoderm; L\ thickened ectoderm by which the 
vesicle is attached to the uterus and fiom whir h the fcrUl part of the placental is derived; h 7. 
auditory vesicle, LK, ectodermal villi; Cb. lore-gut; (ill. hind-gut. G 1 . mid-gut f If. endo- 
derm; 0, extra-embryonic icplomc: OL. lens of eye; R, heart; SL smus-terminalis; 1 A 
allantoic cavity, > S’ yolk-sac (From Marshall, in pait aftei Von Bcneden and Julin) 


serous membrane may consist from the first (except the head-fold, which, 
being formed from the pro-amnion, consists solely of ectoderm and eudoderm) 
of somatic mesoderm as well as cctodcnn (trophoblast: or mesoderm may 
extend into them later), so that, either from the first, or as a result of outgrowth 
which takes place subsequently, the chorion contains mesoderm as well as 
ectoderm. The ectodermal cells—trophoblast cells—of the choroin may enter 
into close relationship with the mucous membrane of the wall of the uterus, 
and send out processes or primary villi (lug. 649, EK) by means of which 
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the ovum becomes intimately attached, and by means of which perhaps 
nourishment is absorbed. 

In certain mammals the history of the amnion is very different from that 
above described. In the Hedgehog (Fig. 650), for example, a cavity appears 
in the ectoderm of the embryonic area; this is destined to give rise to the cavity 



Fig. 6 so.- -4 —G, diagram illustrating the formation of the amnion and txophobliflt in the 
Hedgehog. Only the ectoderm is represented j, early stage in which the ammotic cavity has 
appeared, loofed over by chorionic ectoderm, H t lalcr stage in whim the ammotic ectoderm is 
growing up below the clmriunti lrom the edges of the ectodermal floor. G, stage in which the 
ammotic ectoderm completely roofs over the cavity. (\fter lluhrtM ht) 

of the amnion. I lie ectoderm, wlurh forms its roof, is entirely trophoblastic 
or chonomc; that which forms its floor is partly destined to become amniotic 
ectoderm, partly embryonal ectoderm. After the mesoderm has begun to 
become differentiated, the margins of the amniotic part of tliis ectodermal 
floor(if) begin to grew upwards, giving nse to a layer which extends over the 



1 <iu O51 - Diagram illustrating toe mode of formation of the amnion m various Mammals 
1 comment mg fuimatuin of the amnion in Mus, Arvicolx, etc lhc asterisk marks what 
cm responds to the porlitn of the trnphoblast overlying the embryo in 1 lg 650, C b> mode of 
formation of the amnion in many Mammals [he portion of the tiophoblast indicated by the 
asterisk in l disappears before the amniotic folds mike their appearance (After Hubreeht) 

roof on the inner side of the chorionic ectoderm and eventually (C) forms a 
complete layer—the ertodcmidl layer of the amnion. 

In the Mole ( Talpa) spaces appear in the layer of ectoderm of the embryonal 
area, and these subsequently coalesce to form a single cavity—the primitive 
amniotic cavity, but this has only a temporary existence, the amnion arising 
later by the formation of a senes of folds. In Mus, Arvteola, and othets (Fig. 
651, A), the amnion i& developed from a series of folds. of the ectoderm which 
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arise beneath the trophoblast. In other Mammals (B) the amnidn arisen in ^he 
manner already described, and the portion of the tmphoblast immediately 
overlying the embryonic part of the ectoderm eventually disappears. 

The allantois has, in all' essential respects, the same mode of development 
as in the Bird, arising in most cases as a hollow outgrowth from the hinder part 
of the alimentary canal; this, growing out into the space (extra-embryonic 
coelome) between the chorion and the amnion, becomes in all the Eutheria 
applied to the foimer, and unites with it to contribute towards the formation 
of the placenta. But in some cases the allantois does not at first contain a 
cavity, and in some (Primates) the severance between the amnion and the 
chorion is not completed, and the allantois arises from the outset in continuity , 
with the latter. Sometimes, as in the Rabbit (Fig. 649), the union between 
the allantois (TA) and the chorion is limited to a comparatively small part of 
the extent of the latter, but in most instances the allantois spreads over the 
entire inner surface of the chorion, and becomes united with it throughout its 
entire extent (Fig. 647). Villi, into which mesoderm with blood-vessels 
penetrates, grow out from the surface of the chorion and arc received into 
depressions or crypts in the mucous membrane of the uterus, which becomes 
profoundly modified. The villi branch and enter into intimate union with the 
uterine mucous membrane, so that a close connection becomes established 
between the vascular system of the feetus and that of the parent. 

The term placenta is applied to the entire structure by means of which this 
connection is brought about; the parts derived from the embryo arc termed the 
fatal placenta, those developed from the wall of the uterus the maternal placenta. 
In some mammals the union between the two is not very close, so that at birth 
no part of the uterine mucous membrane is thrown off; such a placenta is said 
to be non-decidua te {semi-placenta). In other mammals the union is closer, and 
at birth a part of the hypertrophied mucous membrane is thrown off in the 
form of a decidua ; such a placenta is termed deciduat e {placenta vera). In 
the Mole and the Bandicoot not only is there no decidua thrown off, but the 
foetal placenta with the distal portion of the allantois does not pass out after 
the foetus, but remains, and is broken up or absorbed in the uterus. Such a 
condition has been termed c ontra-d eciduate. 

In one of the simplest forms or "placenta—the discoidal —found in the 
Rabbit and other Rodents (Fig. 649), the yolk-sac extends over the surface 
of the chorion and becomes fused with it, except in a small area on the dorsal 
side of the embryo. In this small area the allantois is applied to the chorion 
and coalesces with it, and from the membrane so formed vascular villi grow out, 
and arc received into the uterine crypts. In most mammals, however, as 
already stated, the allantois becomes applied to the chorion throughout its 
entire extent, and thus completely encloses the embryo. Villi may be developed 
from all parts except the poles: when this condition persists in the fully- 
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fortaed placenta, the tcrtn diffuse is applied, Sometimes the diffuse condition 
is temporary, and the completed placenta has villi disposed in a broad band or 
zone (zonary placenta). Sometimes the villi are grouped together in patches 
or cotyledons (cotyledonary placenta). In Man and the Apes the villi become 
secondarily restricted to a disc-shaped area of the chorion situated on the 
ventral side of the embryo [meta-discoidal placenta). 

In many Mammals the yolk-sac, through the medium of the chorion, enters 
into a dose relationship with the uterine wall, and a connection, the so-called 
yolk-sac placenta, is established through which nourishment can be conveyed to 
the embryo ; but this rarely persists after the true (allantoic) placenta has 
become established. 

The stalk of the yolk-sac, with the corresponding narrowed part of the allan¬ 
tois and the vessels which it contains, forms the 
umbilical cord by which the foetus is connected at the 
umbilicus with the yolk-sac and placenta. This is 
enclosed in a sheath formed by the ventral portion of 
the amnion. The part of the allantois which remains 
within the cavity of the body develops into the urinary 
bladder, together with a cord--the urachus —con¬ 
necting the bladder with the umbilicus. 

In the Marsupials theovum is comparatively large. 

After fertilisation it becomes enclosed in a thick shell- 
membrane with a layer of albumen. The first cleavage 
of the ovum ( Diiclphys ), or the fourth ( Dasyurus), 
involves a separation of the embryo-forming part of 
its substance from that destined to give rise only 
to the trophoblastic ectoderm. Further divisions take place in such a 
way as to give rise, not to a solid morula as in the Eutheria, but to a hollow 
blastodermic vesicle with a wall composed of a s ingle l ayer, the cells on 
one side of which form the embryonic area. AiUaflahtoic placenta is not 
devel oped except in Pcramelos. The intra-uterine development of the foetus 
is abbreviated, and birth takes place when the young animal is still relatively 
very small and has many of the parts incompletely formed. In this helpless 
condition the young Marsupial is placed by the mother in the marsupium, 
where it remains for a time as a mammary fivlus (Fig. 652), hanging passively 
to the teat, to which the mouth heroines firmly adherent. The milk is expressed 
from the mammary gland by the contraction of a muscle, the cremaster, and 
passes down the gullet of the foetus, which is enabled to breathe unobstructedly 
through the nostrils by the establishment of a continuous passage from the 
nasal cavities to the larynx, as already described (p. byi). 

In all the Marsupials, so far as known, the embryo is covered over, except 
in a limited area, by the compressed and expanded yolk-sac. In the majority 



Fig. r> 5 2. —Mammary 
fuitus of Kangaroo at¬ 
tached to the teat. 
(Natural size) 
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(Fig. 653) the allantois (all.) is small, and is completely enclosed with the 
embryo in the yolk-sac. In the Koala, howevct (Fig. 654), it stands out and 



lie 653.—Diagram of the cm 
bi\o and festal membranes of Hyp- 
nprynmtu nxfeseens. all . allantoic 
cavity , a mu amnion, awn c cavity 
of amnion, tal. extra-embry emit 
ccrlomc, sir serous membrane 
(chorion), yk < yolk-sac (After 
Semon) 
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Fig 65 >—-Diagram of the cmbt\<> 
and placenta of Fmmelei obesulfL let 
ten as m Fig 653. In addition, all 9 
allantoic stalk, wn mesenchyme of outc r 
surface of allantois fused with mesenchy uu 
of serous membrane, 9 t sinus tenmn ills 
1 it uterine wall (After ] P Hill) 



1 ig 654 Diagram of the 
uuluyo and fatal membranes 
of Phascolarotos dnerens. 
Letters as in lig 653 (After 
Sc inon) 



I ig (150 — i blasiiila stige of 
one of the Theria. H, transition 
stage between the morula and 
blastula in a Monotreme. Both 
represented m diagrammatic section 
(After Semon) 


becomes closely applied to the serous membrane over the small area not covered 
by the yolk-sac, but no vascular villi are developed. In the Native Cat 
(Dasyutus) there is a well-developed yolk-sac placenta. Only in the Bandi- 
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coots (Fig. 655), so far as known, is the outgrowth of the allantois to the chorion 
followed by the establishment of an intimate relationship between the chorion 
and the uterine wall, with the formation of interlocking ridges and depressions, ■ 
the whole constituting a placenta of the same essential character as that of the 
Eutheria, though devoid of actual villi. 

The Frototheria, unlike all the rest of the Mammalia, are oviparous. In 
Tachyglossus only a single egg, as a general rule, is laid in a season. This is 
placed in a temporary marsupium, formed as already described (p. 636) in the 
mammary region of the ventral surface. The young animal soon emerges from 
the egg, and remains enclosed in the marsupium till it reaches an advanced 
stage of development. Ornithorhyuchus develops no marsupium, and the two 
eggs which it produces are deposited in its burrow. In Tachyglossus the egg¬ 
shell is composed of keratin; in Ornithorliynchus it contains carbonate of 
lime. The ova of the. Frototheria (Fig. 656) are very much larger than those 
of other Mammals, their greater dimensions being due to the presence of a large 
proportion of food-yolk. The segmentation, unlike that of all the Tlieria, is 
meroblastic, and the blastoderm eventually forms a complete investment of 
two layers, to the yolk. An embtyonic area is differentiated at one pole, and 
on it appears a primitive streak with a primitive knot and head-process. 
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A 

*Aa.rd VARirt—See (Jrycktopus 
Aard Wolf- See Proieles 
Abdomen, Craniate, 68 *: 

Lipus cuntculus, 501 : Salmo 
fewto, 247 

Abdominal aii-sar, Aves, 416 : 

Columba lima, 444 
Abdominal cavity, Aves, 446: 
Craniate. 68 

Abdominal pores, Chondrich- 
thyes, iw '■ Gradate, 61, 62 . 
Dog-fish, 178: Ganoids, 282 : 
Phyeostonu, 2 Hi: Proio- 
pterus, 305 

Abdominal nbs, Alligator, 408 : 
Croeodilte, 402: < rocodilus, 
886; Monitors, 402 
Abdominal vein—See Epi¬ 
gastric vein 

Abducent nerve, Craniate, 108, 
104*: Dog-fish, 190 ■ J’flro- 
myion, 148: Skate, 116 
Abducent nerve foiamen, Dog¬ 
fish, 181 

Abductor muscles, liana, 31 G 
Aberrant commissure, lain (a, 
37 * 

Abomasum, Mammalia, 888: 
Pecora, 867 

Aoanthaspidomorphi, 150 
J cavthaspis, r(w 
Acanthodes, 168,167 ,159 
Acanthodes brotnu, 156 
A canthodis concttinus, 168 
Acanthodidtr, 139 

AoanthodH, 73 , 152 , 154-159 
Aeenthopterygil, "6. 

Accessory scapula, Aves, 475 
Accessory tarsal, Omitnorhvn- 
chus, 589 
AodpUres, 461 

Accommodation, visual, Salmo 
fario, 252 
Acantrophorus, 235 
Acetabulum, Alligator, 408 
Apteryx audralu, 476 
(cfimi6« liuia, 488, 488 
Croeodilte, 4*9 : Dasypus 
sexcinctus, 811: Halmturus 
ualabalus, 688: Lacerta, 


884 : l.epus cunuulus, 488 . 
499: Frototherte, 5)°: 
liana, 808 , 814 , 315 ’ • s 'ola- 
mandta, 846 : 1 eh apod, 
80 , 81*: Urodate, 347 

AetPmtr, 86, 223, 227, 230, 
91 , 262, 267, 878 ,27b, 277, 
888 , 2b| 

Adpenser ruthenus, 880 
Acouslico-lateral centre. Dog¬ 
fish, 194 

\couBtico-lateral nerve system, 

entente, 103,107* 

Aerate, 39*-6o 
Aoreodi, 577 
Act abates, 533 

Actcm oracoid, Apteryx man- 
klh, 475 : C annatee, 474: 
( olumba lima, 488 : Pahtec, 
474 

Acrocomcoid process, ( olumba 
livta, 4J7 

Acrodout teetli, 410 
Airomion process, ipteryi 
mantelh, 476: Bradypui 
tndactylus, 69 : C annatir, 
474: Lamvora, 579: Ceta¬ 
cea, 580: l olumba lima, 
4 V 7 : Jlasypus s u ecinttus, 
09 : llalmaturus ualabalus. 
183 : Lepus cumcwhn, 497: 
MmmiuMi, (, 41 * Phoemia 
communis, 69 : Pinnipedia, 
581: Primates, 5 b): Proto- 
therte, 529: Ratihr, 474: 
XenarthtEft 626 
Aettebtte, 15*. 287-289 
Aetteogtetygli,78, 79, 223-284 

Actinotroeha, 12 
Adapida, 556 
Adaptation, Taleoetei, 262 
Adaptive radiation, Teleostei, 
262, 266 

Ad-digital remex, Columba 
tivia, 486 ,431 

Adductor muscles, Ran a, 316, 

817 

Addoehorda -See Hsmichorda 
Adeloepondylte, 333 

Adelospondylous veitobra, 887 
Adhesive papiUtc, Asctdia, U : 
Ascidian, 32*, 84 
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Adipose body, lacrila, 847, 
370 : Rana, 818, 888 , 329 
Adipose fin, Rita hichanani, 
861: Salmo fano, 886 , 238 
Adrenal body, < olumba Inna, 
4 ib 468: Craniate, 122 *: 
In watnder, 878! Lepus cunt- 
cuius, 515 : Rana, 327 
AJgitbognathous palate. Aval, 
472* 

Aflwridea, 575 

Mluropui melanoleucus, 575 
Ailurus fulgent, 575 
JEpyomis, 458, 485 

Apyornitbifonnei, 458 
Aitosaunae, 387 
Afferent branchial arteries, 
Amphibia, 349 : dmphtoxus, 
4 o, 47: Dog-fish, 187,19: 
Epweratodus ford rt, 8W : 
Fishes, 88* 9, 60 : Salam- 
andra, 348 

Afferent renal vem, < olumba 
Ima, 447 

Afferent sg iracukr artery, Dog- 

Affinities—See Classilu ation 
African Elephant—See /ore- 
donta afneana 

African Elephant Shrews—See 
Macro seel id tr 

After-shaft, Avea, 428 ; Calv¬ 
arias, 49 
Agamtia, 423 
Agnatha, 125-151 
Agoropkmdet, 584 
Air-bladder, anHnUHa, 28 H: 
Amia, 278 : Fishes, 88*. 
Ganoids, 278 : Ginglymodi, 
233 : / rpidodeus, 898: 

Phnoetonu, 78 : Po/V- 
ptstus, 278: Pdudophym 
I achus, 879 : Salma Jano, 
818 , 249 : Teleoatai, 278 
Air-sac, 4 pietyx, 478: Avea, 
49: l-olumba lima, 444 
Air-smuses, M—imllU 071 
Air-space of egg, Galius banhiva, 
480,482 

Ala spuria, Columba livia, 49, 
41 * 

Alar, Craniate, 9 
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Alar membrane—See I’repa- 
tagium 

Alar pteiyla, Columbia ltvia, 
411 : Gypmtu% 467 
Albatross—Sec Dtomsdea 
Albulct , 260 

Albumen, Ana, 479 a Columba 
Ima , 452 : Gaum banktia, 

480 

Aha— See PMguttifff 
itfatbrntfo, 462 
Alctda, 461 

Alimentary canal, A scuba, IS : 
Chondrichthyei, 205: Dog¬ 
fish, 184. Bntaropneusta, 
5 . Laterta, 867 : 7 
686: Pterohrandiia, 8. Pty 
ckodera bahamensts, fi : 

Teleoatei, 276 

Alimentary cavity, Chondrioh- 

U^ea, no 

Alispherid, Apteryx wuntelh, 
478 : Aves, 486 : Bony 
skull, 75 : Cams lamtltant, 
678 : Columba huia . 484 , 
4 SS - Oraniata, 76 * * Oroco- 
dilia, 4^7 ' Dasyurus, 689 : 
Globtocephalus , 682 : Homo . 
661 : 498 , 

493, 496 : Mammalia, 689 , 

641 Manatus Senegal easts, 
618: MetatherU, 538: Afyr- 
mecophaga , 687,688 : Prtro- 
fffl/f penmUata, 640 : Pfi/o- 
rwtts /own, 648 : SaIimo 
/ arto, 2|2, 844 

\11 sphenoid canal, Ptilounus 

lowtt. 648 

Alisphenoid region, *alamandra 

atra, 845 

Allanioir arteries, Craniate, 88 
Allantoic bladder, Oraniata, 07, 
121*: Rana, 328 
Allan ton ca\ily, hhpstprym- 
nu$ rufescens, 080 : Lipus, 
086 : Ptiameles obesulu, 
681 : Phawolarctos ctnei eus, 
890 

Allantoic stalk, Peramile s obe- 
*ula, 601 

Allantois, Aves, 4 fi h 484: 
Gallus bankiva , 481, 488 : 
I epus cuniculu , 516, M7 
Mammalia, 684, 6hb Meta- 
theria, (190 

J/hgafor, 302, 408 , 411 , 4*5. 

Allotharla, 517- 51 s 519-521 

Allotriognathl, 261 

Alopia ?, 176 

Alouatta, 559 

Alpaca—See Auchema 

AUteamelus, Cox 

Alveoli, / runic u/ws, 5**9 

Alveolus, bone of, Mgi—iplia, 

651 

Alveus, Mammalia, 67*2 


Abies, 354 


„ f obstetneans, 352 
Amaregeitm, 2k* 

Ambtens muscle, Columba 
livia, 441 
Amblothmum, 523 
AmUypoda, 5^ 5&> 
Antblysfoma , 848 , 846 
JmMy stoma ttgrtnum, 353. 664 
American Badger—See Tattdea 
americana 

American Brook Trout—See 
Sahehnus Jontahs 
American Star-gazer — bee 
Astroscopus 

Amencan Vultures--bee La- 
thartes 

Anna , 223, 227, 808 , 271, 273, 

276. 

Jiwa < 

235 

Ammoccete s, 147 
\mmon. Alligator , 417 : -Jmi- 
cola, 687 : Aves, 48 b 484 : 
L'nnacndcp.QSl : Gallux ban¬ 
kiva. 481 , 488 : 7 /v£s»- 
prymnus rufescens, 680 : 
l epus runuulus, 516 , 517 
Mammalia, 083, 684 , oho. 
887 : A/M5, 687 : Pita- 

metes obesula , 891 : P/rasrn- 
torrtoi etnereus, 890 : J alpa , 
687 

Ammotic cavity, Z.iuiauirfi/, 
687 : //vpAiptvmtiws tufc- 
\ccm, 600 : 7 rpus, 686 ; 

Mammilla, 684 , 6bo Plm- 
colarctos etna eus , 860 
Ammotic fluid, Aves, 4S3. 


i, 223, 227, 968 , 271, 
6 , 278, 8 RL 888, 284 
» ealva.m, 866 


Amniotic fold, Aves, 4B3, 484 : 
/ epm, 888 

Amphibia, b7,306-355 
Amphibioidei- bee Ohoanich- 


thyea 

imphtbolurus, 416, 420 
Amphi copious centra, Ghon- 

drichthyes, 199: Beptilia, 

•198 Sphenodon , 888 
Amphicone of molai, Mam¬ 
malia, 657 

AmpktlcsUs, j2i 
Amphwndes, 40*. 50, 59 
Amphioxtdidir, 40* 

A MPBJO \ P1 LABOMLATVS, 40* bo 
Amphtpnous, 277 
Ampbisbamiaus, 38b, 397, 419. 


Amptetybc jaw-suspension, 
Onixiobthyeg, 201: Oamt- 
ata, 74* • Pleoropterygii, w 
Ampktthenum , 588 , 5*3 
Ampktuma , 349 
Amphium tnaactvla , 840 
Ampullae, Chondrichthjee L 2oo 
t ohtmba ltvia , 461 : Orani- 
ata, 116*, 117 : Dog-fish, 


ig|j: / acerta, 871: Myxine, 

AmpuOary canals, Chondrioh- 
tBieg. 206: Dog-fish, X 95 * 
.‘fmynuauntadtf, 596 
ifnofioA, 266, 278 
Anabas scandms, 877 
Anableps tetrophihalmus, 888 , 
267 

Anammthfaii, 201,265,271 
Anal fin, Ohondriolktliyei, 198 
Dog-fibh, 178. Uemtseylltum. 
178 

Audi respiration, C alluhthys, 
278 

Anapopbyscs, Lepus cumculm. 


kanOA t, 375 . 87 ®, 377, 424 
AnapUmorphtiitr, 450, 557 
Aneptomorpkm, 557 
Antrttaiodln—Sec PeUUoh- 

thyUa 
A was, 461 
An as boicha*, 478 
AnaipUa, 125,120,130-1 
Ancestry See Distribution, 
geologic al 
Anehtlophm, 593 
Anchtma, 20* 

Anchtppodm, O10 
Anckithmum, 593, 5114 
Anchovy, 25b 


V 


Anoylopoda—bt e Chalieo- 

tberoidea 

Angel V ish See Squatma * 

Angle 1 ‘ish, 201 

Anglcr -1 islies bee Pediculati, 

7 ophtus 
Anguida, 423 
Anguis, 394. 398 . 4 ^» 

Angular, Apterx 1 mantclh , 478 : 
Aves, 486 : < oiuwba lu iu 
484 ,43O (1 nflffffffftKt, 888 : 
Dtmfirodon, 883 : J iplo- 
pterax frailly , 887 : I hit to 
stems, 108 : Jloloptychius 
flemtngt , 888 : 1 acuta, 880 , ’ 
^61, 362* Osteolepu tnacio- 
leptdoiiis, 888 : Protoptcius, 

805 : balmo fano , 24 3, 844 : 
Scymnowchw, 883 : Jropi 
donotus natttr, 408 
Angular prouss, 7 acerta, 362 : 

1 epus cwncuhts, 496 
Angulo-articular, I rptolepx s 
btmifit, 857 

Ansulo-^plemal, Rana , 312 
Ankylosis, Aa/wo /at io f 239 
Annulus ovalis, J epus rutu- 
rultts, 305 MawimiHi l (170, 
Annulus tympameus See 
Tympanic ung 
Anomalund*\ 620 


fiaomoAant ia!*^ 1 
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• irtoplotheruda, 600 
Awtt, 4 &I 
AM WgMfc t . 

^|i«.illmw 461 
\nteaters— See tydoturuh 
Month Myrmecopkaga, Myr- 
mccophQgul&, iAoWolfl, 
1 achyglossus, Tammdm 
interhtnomy s, 53* 

Antelopes-See Bovrita 
Anteiior basal Acanthodes 
IN, U 7 

Anterior lateral plate, Hetero- 
steus, 168 ; Pteraspts ro- 
\tratti, 182 

Anterior median palatine, 
Palaospondytus gunm , 171 
interior ossicles, Acanthodes, 

166 

\nterior \ acuity, l pipelaluh 
thys mldungensis, 166 : 
Mac* opdahchthys raplutdo- 
labt s, 167 

\ntenor vertebral plate, Chon- 


Autero dorso lateral plate 

hcmuenJma *twU 1, 170 : 
llderosteus 168 : PUmh 
thyodes, 164 

Ante ro-lateral plate (tinmen 
ditto, sturUi, 170 . Homo 
situs miller t, 162 
Vntero ventro later il plate 

PUnchthyod **, 164 
Inthracothemda , umj 
* Inthracothenum mgtn* boo 

Anthropoidea, 555. 55 J 5 <*» 
Inlhropomorpha —Sec Simtida 
\etthiopop%thecu*— Stf Pan 
Anturchi, 125 152. 154 16a- 

\nUlobapnd<r % boj 
\ntitiO(haut(r, f oluwba Ima, 

482.488 

Antlers Peoora, 691 
Ant or hit'll ( heir oh pi s 228 : 
i hondrosteus aciptusuotdes 
281 : (occoifphaliis luildi, 

282 ; Palaom cus mono 
pomus, 227 

Kntorbital cartilage Chon- 


dnchthyei, a«3 

\ntorbital process, Aciptnw 
272 : Proteus angumus 844 : 
Salanutndra atra, 845 
Anlorbital vacuity, ( alogenys 
/(no , 619 ; PedtUs tajfn 
619 : Jhryonomys minder 
ana*, 119 

Antra- Sec Maxillary anti a 
Amm. 355* Mi 342. 34b 
344, 346 347, M« f 149. 351, 
4 35 2 * 353 . 354 355 
Anus, Ampkotus, 41 . 42*, 44 . 
60 : Appendiculana 22 : 

14 . 18 : /taiKfwe 
composite 28 : Aral. 484 : 


(iphalodiscus, 11 ; (dumba 

hvta 486 .4*7 - (hamate, 61 , 

(12 87 : (toaus tnorrhua 260 : 
Cm alius banhiva 481 : J epi 
fastens, 278 : Lepus aunt 
cuius, 614 : becturus macu- 
taim, 889 : Petromyzon, 133, 
144 Petromyson wt annus 
144 : Pdyptems ouhtr , M 2 : 
liana, SU: Rhabdopleura, 
12 2 Salmo fano , 286 . 2 *7 
948 : Meoitoi, 276 fol 
nana, 7 
Anwitlla , 35 

Aorta, /iput ghhicWus, 604 . 
50*,*, 306 Man opt tah 

ohthy s rafhadalabis 187 
Sec also Dorsal iorta, 
Ventral iorta 

Aortic arch mo 

C o/uw&rt /u/ifl 442 , 448 , 447 , 
44b Craniate, 98 * : (toco 
ditus, 414 :1 aerrta 887,418 : 
Mammalia (j7U 1 adpok 
321 Turtle 413 
Aortic canal Aeipen^ei 281 
Aortic root I acerta mwah 
418 

Ipalotnn 15b 

Aphetohyoioea, 152, i5t* 17 
A pu jl plate / rn hctj ia S* 
lplodontia , O20 


Apoda.333 

Apodes , 258 

Aponeurobis pulmonary See 
Pleura 


Appendiculana nj* f 22. 2b, 
27 28 38 19 

Append uularudaj , 19* 

Apjjc ndix See 3 11 inifurm ap- 
|h ndix 

Iptenodytes 4<>o 

Aptena Lo/wj«/^ /mui, 420. 
IV* 481 

ApterygilormeB, t57 

JJfW 486, 1/1 47i 17*. 

48^ 

l/?/ri v 1 australis 457, 458,476 
1 v mantelli 472, 478, 475 
ipfct/V ounn, 477 

Ipfornii, 470 1/} 

\qucductub Sylvn set Iter 
Vque ductus vestibul i St c 1 n 
doljmphatic duct 
\mieous ilimibtr of t\t. 

Craniate, 11i* 

Vqutous humour of pi t Crani¬ 
ate, 113* 

401 

4h2,474 

Aiachnoid membianc Qranl- 
ate, 101* 

^liacosr^if, 876 
4 rapaima gtgas, 258 
Arbor vitae lepus cunirutu 

519.5H 


_. , 583 

Archaokrppus, 59 ^ ^94 

ArebMptoygiloniM, 454 

Archaoptery* lithograph u a, 

454 . 4 h 3 , 405 

49tAffonm sfmrn 1 4^4 463, 


■1 454 4 6 3 *- 4 *:> 

Archelon , 425 

Archenteion sim/tftioitij, 58 , 
54 : Ohondriflhthyea, 209 
J uutrla , 418 : J Vi s bums, 
209 : liana 329 Hflptllu, 
419 

Archipalbal commissure- Sec 
Olfactory commissure 
^iclnpterygium Ichthyotoou* 

ArciLoiaana. 389 
Urtoubus, 557 
Irctocyonuke tfC* 
Arotoeyonoidea, >>70 
Arotoidea, 175 
Irdostylopuhr 171 
ltdia 4bi, 467 

\rt \ opat 1 tlheator, 417 : 
Avei, 480 Galius banhiua 
480 ; / *pus, 688 : Beptiha, 
tis 

Vna pelJucida Alliff&tor, 417 ! 
Aral, |ho (j alius bankwa 

480 : i epus 688 . RepfaUa, 
4*7 

Arei \aseulosa, Aral, 485* 
Gallus bankioa , 482 : Mam- 
malia, b«i f 684 

Argentoa balmojarn 251 252 
Aigentmes ?%h 
Armadillos—See Dasypodnia, 
Vatypus se uinctu 
Irswoithenum , bis 
4 itrnal system Set \iscula] 
system 

Arthrodira, 152 114 159 iha 
Articular 1 1 ipt w st r 272 

Aral, 485 : 15 ony skull 75 : 
Columba hut a, 484 , 
Cramata. 75* t vno^nafAu 
888: Dimehodon 888: 

laetrta , 881 , 3(12 Sa/we 
Juno, 241 ,243 844 : Scytmvo 
suefcw?, 388 : Itopidonotus 
natttt, 403 

Articulating process Cianuid 
scale 65 

Artiodactyla, 587-^ 

599 646 . bbl 

Aioicola 887 

\1yten01d caililages Cetacea, 
671 < olumba hi m mi 

lacertt 570 lepus iunt 
Lulus, 508 : Beptrna, 412 
ISCIMA, 18 * 19 21 
A&ctdta mammillata, 88 

(Asuibans), 18 20* 

21- )9 

A setdur tomposita, 21*, 88 



704 


INDEX 


As&iiw stmpUtt s, jo*, 21. 27, 

28 

21 * 

Asexual stage, 1 Doholum, 

88*. 87 

^ spidorhynohida, 235 

frfe, 283 

Astentus Salmo fano , 868 
4stciolepida, 103 
Asterolepis, 165 
4*terostetd<p, 167 
Asteiosteus, 167 
AstrogaLir foramen, Mam- 
mafia, 64 b Intemnodon 
agtln, 644 

Astragalo scaphoid, Cioeodilus, 

410 

Astragalus Artiodaotyla, 646 : 
Rradypt « indactylus, 68 @ : 
Carnivora, 640 : Lena* ela- 
phus, 647 : ( olumba hua, 
439 ( ond\ l art hr a, 649, 366 

L rot odd us 4X0: Jfovypus 
wvow* wa,681 : Lauus 640: 
Lou us calmf/w, 648: GoriMa 
666: WflOiuUMMis Ma/dfri(u<> 
688 : Hippopotami 649 : 
Homo 666 : Insecti vote, 040: 
7 e/>us {.iimcif/us, 600 : Vfa- 
cropus , 641 : MmhimH*, 

04 b 647 , 640 : -Misonyi, 
646: A/i rut 649: Puri 
MorAywrAws 587 : Phalau- 
Kir, 640: Ponge 566 : Prim¬ 
ates, 640: Protothena, 5 ^ 
Rana 800, 4 fO Rhinocetos, 
649 : Rodenha, 649 : Sh 
\ctofa 648; Jitupud 80: 
Irtttnmodonamhs 644 
Aitrapothena, 57 ’ 
Aslrapcfkemdfr 572 
Astrapothenodea, -tf * 1 
A strapothmum magnum 572 
4i*ro copwv, 262 , 27 s 
2fk/ra>^i5, 120 
UtUs 359 

Atlas Balama my sticetus, 688 : 
Carnivora, 377 (olunitu 
Uvia, 412 Lrocodilu* 4(H) 
Homo, 676 : Kangaroo 
686 : Junta 348 , 860 : 

7*/>«s o/mcu/u^ 480 : Mam¬ 
malia, <>37 Meteihena, 5 \*> 
Otmthothyiickus, 627 : Pn- 
yx> Spkenodon, 


A forms, 461 

Atrial apcrtim A sctdia, 11 * 
14, 88 : Ifoholum, 24, 86 , 

86 : Pvtosoma 26* : bn/fitr 

87 : Sii//>a cOuromiJira, 24 
Atnal c cnais Larvacea, 21 * 

\trial cavity Asctdta, 1 **, 14 * 
13 . 16, 17, 19: Astidi in 
larsa, 84 : JJoholum, 24 ; 
balpu, 26 

Atrial cavil} wall, 5 alpa, 27 


Atiial lobe s, Stilpa danouatica, 
24 * 

Alnalsiphon: Isudia ij*, 18 
Atnoporc, Amphtoxus, 41, 42 *, 
44, 45 . 67 

Atnum, s4*tf>itanv«f, 41, 44, 
45 *. 46, 67, 68 : Atrtdm 
campouta, 28: Dog-fish, 
186, 18 b, 187, 188: Ffi- 
ceratodus forstm , 298 286 : 
fishes, 88*, 80, 00: Petra 
my xon, 110 Petromyzon 
man nus, 180 : Salmo fano, 
248.249 
iuchcma, O 01 

Auditory apertuie, C olumba 
hi ta 428, 4*7 Cranlota, 
02 0 alius banktva, 481 

Auditory bulla—bet Bulla 
Auditoiy capsule hi pens* r, 

272 : C arblaginous skull, 
72 : ( olumba Ima , 41 s 
Craniate, 71* Dog tish, 
108: I auita )Go A/>inir 
tlutmosa, 160: Paltrospan 
dylus gunnt, 
muon 117 * 
fiuiriHus 185, 
flint* 806 : 
backus, 278 : 

811 : S alamundra aha 843 
Salmo fano, 240 242 Salmo 
talar, 245 : 1 id pole, 818 
Auditor} epithelium Craniate, 

\uditory hairs Craniate, 117 
\uditor\ meitus -Sro I \ 
tuual auditory meatus 
Auditory ntr\e ( allot hyn 
thus anlatctims 221: Crani¬ 
ate,!®, 103 * Dogfish, 190, 
19 ^ 1 piuratodus Jorsten 

800 : Homo, 676: 1 acuta , 
^73 PeUomyzon 142: Petro- 
mv»on man hus 141: Rana 
827 : Salmo fano 262 
Vuditor> nerve f 01 amen Oram- 
ate, 7 -* Itpus cunuulut. 


172 Pttio 
PitiuMyton 

186: Proto 
P eudophve i* 
Rana 310, 


Auditory oigans -be® har 
\uditory ossk 1< s, Carnivora, 
377 Craniate, lib* Homo 
676 : / epus cuntculu s 497 
Mammalia, 370 / achy 

\lonu 5 aculeatus, 529 
Auditory pinm. Mammalia, 
073 

Auditory region Craniate, 71 * 
Dog-fish, ihi 

Auditory sac, rettomyzon, 

144 

Auditory vesicle / rpus, 888 
Auks b rtAlcida> Anguinus 
Auricle (olumba htta 442, 
440,447 : Craniate, 67, 03 * 

Lrocodtlu\, 414: lacerta 
300 , 867, 860, 418 : lepus 


305 607: 
maua,070 Rana 818, 
82L 822, 824: Sola- 


cuniculus, 604* 

880, # ° 7 
mandra, 648 : Turtle, ill 
Auricular appendix, 1 epus 
cunt cuius, 503 . H*— 

O 70 

Auncnlo-ventTU ular aperture, 

Lacerta, 360 

Aunculo - ventricular valve 
Aval, 440: Lacerta, 36 b 
Rana, 820 : Turtle, OS 
Autodiastyhc jaw suspension, 
Craniate, 73 * 74 * 

Autonomic system. Craniate, 
97* 

Autostylic jaw suspension, 
74* D&neutt/ 


290 

Autosystylic jaw suspension 

Craniate, 74* * Inpneniti, 

292 

Avee, 4 2 5 - 4 &o 678 

altnce s, 4^3 
Aves mdnoltfi 4 S 3 
Avei> mdifuga:, 483 
Avcs pnccoce , 483 
Axial skeleton, Pttramysan, 

Axillary air sac, Lolumba hvia, 


Axis, Carnivora, 377 c olumba 
hma, 43 -* ( focodtlm, 400 : 

Homo, 076 : Inseotivorg, 
5t7 Jatrrta, <ys 860 : 
/ tpus cunuulus, 480: Mam¬ 
malia, 0 i 7 (hnithothyn 
chits, 527 ! Sphetwdtm 809 
\ \olotl - bee 4 mblvstoma 
Azvgos veins Amphibia, 14 Q 
I atnta, 807 : Jtpus cum 
iithts 30 O, 667, 608: S ala 
mandta macido a 860 


B 

lUiiooNs See 

Badge 1 - See 1 axidea amen 
cana Melt v taxus 
Palana mysUcetus, M 8 , 5h< 

Rala maps, 461 
lialanopttra , 384 , 6(4 
Palo’iwpleta muuulu s 688 
Balanopteia lostrata, 008 
RaUenoptenda, 384 
Ralanoglossus, 2 , 8 , 4 6 , 39 
Taleen-plales Iialepnoptna, 664 
JWurAifAmifm, 39 O 
Jianditoot —Set Perameles, 
Ptramehda 
Baptoini* 433 

Barbeir, bur/umem, 268 
Barbel, 267 

?r nc/AsHMv, 280 : 
Dog fisli, 178 , 186; Oadus 
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ntonhua, 2O7 Uaddcxk, 
267. Nftocta, 207 
Ikirbet— Sec C rfntomda 
Barbs of feather, 480 ; 
Cojuurtt^, 408 : < olutnba 

Ima, 428 

Barbuie ot feathci, 489, 480 : 

i olutnba Ima, 428 
Barytheria, 51^. bn* 

Barythenum, 8x5 

Basal plate, Oramata, 71* 7 * 
Pttrumyson, 137* f'tfio 

myton martnus , 188, 189 ; 
Salamandra atra , 840 
Basalia, Ohondnchthyea, 
Oramata, 77, 79* 
ranfAiu dechcm 170 : 

Ftoaroptaygii, 17) 
p/mct, 874 

J la si branchial ]to nth odes 

157: Anpensrr 272: Bony 
skull, 76: Cartilaginous skull 
72: Ctelriehthyea, 202 
( olutnba htia , 486 : Dog 
fish, 182, iBt 186 : Paho 
spondylu* zuntii 171: Salnto 
fano 244: Utohphus, 201 
lUsibramhiostegdl Srt l ro 
hyal 

Bisici inial axis, ( aut fatnilt 
am, 642 : Horn > 042 - 

Mammalia, 84 2:J*apu 
642: PhasttAantt 642 
Bisici mul font din lie P 1 U 0 
m\ on ly* PtUomy»on 
manna 186 : Urodela, >41 
lUsicioisil Sei Vuial plati 
Bisitauil axis ( amis fatitih 
at is, 642: Homo 642 : 
Mammalia, 624: Papw 
642: Vhtt'ttolouUs 642 
Masilivil Bony skull 75 : 
t utilaginous skull 72 : 
( uliimtmi h ia 436 : Cram 
ata, 71* Hog fish 180 
182: (»lol tonphalus 582: 
I acuta p>> 809 : / tpu 

iUHuulm m7 502: Mam¬ 
malia, 689 : Manatus sr#i« 
h alenst 812 : Rana 809 : 
Saltna fauo 241, -|> 244, 
245, 248 

Basilai branch of auditory 
mm, 1 acLttu, 37) 

Basilar membrane I acuta 

378 

HasiUi pait of loclilc i, t ohm 
ba hi 1 a, 451 

Uasih aundfi Sit /tuf,lo 
donlida 

Basiot upital, A na s ho scha ? 
478: Annra, wa iptuyi 
mantilh, 478 : Avea, 485 : 
Bony skull, 75 : c hi lorn 
mydas, 406 : Columba Ima 
484, 435 Oramata, 71* 
Crocodilus, 407 : f' # c r«li*s 
VOL II. 


488: i chs tiun , 578 
(rMnoicphatub, 582: Homo 
561: / acetta jOn, SOL 
lepui cumculm, 401 482, 

m> 485 : Mammalia, 689, 

640 : Manatus sentgahnsi 

612: Myrmeoophaga, 088 

OtnUhorhytuhus, 527 : Pit 
tog ale prnvciUata, 540 
S almo fano 2 |t* 244, 248 
J ropidonotus natnx 408 
Ursus Jet ox, 578 
Basipterygium, Salmo fauo , 
246, 247 

Uasipterygniri process, Ina* 
boscha s 478 : iptuvx man - 
till 1 478 : launata, 47 a 
Columba Una i>0 IJiyp- 
tun, 172 t actrta, 861, p »2 
Ratine 472 

Basis cranu Acanthodi , 157 : 
(artilaginous skull, 72: 
Oramata, 7 -* S almo fano 

Bisisphenoul h/a r boscha 

478: Avea, 485 : Bony 
skull 75 : ( hit mi mydas, 

406: Columba hua 435 
Oramata, 70 * (lotalns 

408 : (ihbioephalus, 582 : 
Homo , 561 : JtftlhyosUea 
834 : J act) /a ><m 361 : 
lupus l huh ulus 492, 403 
495 : Mammalia, 689 : 

Wanatn snujalcusi 612 : 
Matathena, in Ormthi 
thutthus 5-7 Pitio nU 
pnnaUala 540: Se/nio 
farm 2 42 244: hopidn 
not us iiatux 408 
lusiti mpordl, Hus t nchas 

478 : 1 phiy\ mantilh 478 : 
Avea, 435 : ( oluwht h in 
A >5 

lUsiwnli.il hipcnsu nith 

mu 231 

lkibkin h Shuk Si 1 ( tl)ihmu 

Biss 201 

Bit Src Sywrfir litbasltlht 
Bathyopsis 560 
Batoidea. 177 
Baunamorpha, ^1 
/ Ulb Urna -See 1 ptitutu 
IWik ( olumla linn 1 0 Hi 
(,ai fish 21)2 11 iir 1)1 lk 

>1 . 

Beaked \\lidle, 5 S 4 
Bear—Sic l tsidtr l /su 
awntcanus, Ut*us fno\ 
Bearded \ulture —Su (i\pat 
tus 

lk as c rs—See Caitoroidea, I ro 
gonthmum (astmouhs 
Ikeritcrs See Mmpida 
lnlono)h\nehus, 2,0 

Ihnue itispis 129 

Beryoomorpbi, 201 


htlUmgia, 32x 
Bucps muscle, Rana , 117 
Bicipital groove, lepm cum- 
cuius, 400 

Bicuspid valve, 670 

Bile, CramaU, 

Bile duct, Columba hita 442 , 
in Oramata, 87, H 4 * 
Dogfish, 164 185: Iaietta, 
869 :1 eptdusieus, 278: / ipus 
funiculus, 508, 504 Pho 
cana communis 688: Rana 
318,310 

Bile duct apcitiiK Pttromy -on 
mat inus 189 

Bilophodonf tooth Pentto- 

dactyla, 

Buds Si t A vet 
Birds ol Par 1 <li st ^SO 
bir mu , 220 
Hu Let 1 a 1 nr nUituhca 220 
HitUnia ill 

Bladelu See \n bliddti, 
Allantoic blidilu HaUbUil 
dcr I umry blulder 
BlistcxaLe PcUom] on, 145 : 
Rana >20, 380 

Blast c Klcrm Avw, 4 70, iSo, 
4b- Ohondnchthyes, -.08 
210, 212: Dog hsh 211: 
Gei//r#s banhtta, 480: la 
tufa 418 : Mammalia, os 
684 : Pnstiw h 209 : 
Ray, 211: Beptllia, 417 
Sff/uro fano, 258, 254 
Bhstodcimic sesick It pus 
686 : Mammalia, 681, 684 
Dhstuport, Alh^atot 417 : 
Avea, fSt Chondnchthyea, 
.it iUnelltfia 80: Dog 
fish 211: J puiratodus 
I tstin 401 80S : / attiiu 
418 : J*( homy son 145 : Pris 
hums 200 ; Atom 420 

330 : Beptllia, 418 

Blastul l, \mphoxus, 5. 

(la ilhna, 80 : l piutaiodus 
f msten 401 303: PlOto- 

thena, 600 : PiUomyson, 

145 : Thena, 090 

Jilt nine «■ 2i»T 
Blind Smki 4So 
Blind N\ 01 in Se.e Uiguis 
Blood Htiphioxus, 4S* 

Oramata, 01* Mammalia, 

(>0 q Pthon \ -m, 140 
BUkkI 1 orpusi ics. Amphibia, 
>40 Hi phtnma 340 
t ohinPa hi in 148 Oram- 
ata, 0 [ * Homo, 94 : I epus 
I umi Uhls 50b Mammalia, 
h6ej Rana, 04, 3-S 
Blexxl tempei ituri Mammalia, 

Wh) 

Blood \asiuUr system—See 
V ascul n system 
Blue bliark, 177 

2 Z 
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Boa, 589 
Boar Fish 261 

Boats* din Hml -See Phat thou 
Body-wall, ltHpktoxw, 42 * 

4 scuba, 13 * Craniate, 03 
Uolodon , S 2 i 
Botoma, 22 
Bom&imrfor 347 
Bon* structure, Lyclopterus, 
275 Mote, 275 Proboi- 
0028, 604 Jfrfo/ttiri, 275 
TdeoiMt 275 Itachyptcrus, 
a 75 

Hones, emulate. 74 * 

Bony labyrinth, i olumba tuna, 
451 

Bony Pike—Sec 1 ifndosti in 
platyslomus 

Bony &kuU, Craniate, 75 
Boreasp if, 1£S 
Bothnolepxs, 185 
BotcyUus, 2 i, 23 
BofryJ/iu vtolaceus, 28 
Uotticnosc Whole, 964 
Boo id a 003 
Bovoidea, 601 , 602 
Bower birds, 486 
Bow to—See Anna, 4 call a 
Prachalw us modestus See 
I >og fish 

Hiaihiol orteiy, i olumba Into 
440 , 447: Dogfish 188: 
Lepus cumculm 306 , 507 
Brachial plevns, Ram 1*3 
Brachial sun (olumba Itua 
446, 447: Dogfish 188: 
Rana, 822 
br achy dir us , i(»j 
B rochydont tuth Eqnoidea, 


591 Mammalia, 057 * 
Pennodactyla, 
iradyodonti, 1 73 171 
R}ad\podula 02 f (>.3 
/ ladypn* 02 ), 629 
Btadypus Utdactylut 628,629, 
680 

Brain, Alligator 415, 417 : 
Amphibia, *51 Amphioius, 

44, 48: 1pt*y\, 47 s 

Am, 47 s 484: c alio 

fhymus antantuus, 281 : 
t ams, 678 : C gphalaspis 

12b Chondrichthyee, 2* ■, 

C orifl rravt, 674 : t olumba 
hvut 448 , 448, 460 : Crani¬ 
ate, 67, 95 97*. 08, 99 
(yuoiephalus 551 Dip- 
MilifcL 290 Dorf hsli 100 , 


101,108, 218 :1 piceratodus 

/of Am, 800 : Enthern, 542 
banktva, 481 : Ganoid 
2 bo Hcmstylhuni 191 : 
Holooephall, 220 Iamta 
809, 870, 37 l 878: f </>**/<> 
sinn 303 Lepidosteu 280: 
Ictus, 688: hput cum 
cuius , joy, 510, 511, 518, 


513 Mm*opus waioi 674; 
mammalia* 071 MyitobaUs, 
203 A!vane, X 40 Ornitho 
rhynchux anabnm 074: 
Petrogale pcnxcxtlata 678 : 
Pitromyion, 140 , 148 : Pet- 
romyson mannus , 189,141: 
Primates, 555 Protoptvus, 
305 ; Pseudophycts backus, 

879 ; Rana 118, 323 888 , 

880 : Bephlla, 414 Salmo 
fano, 948, 249 , 250, 251 : 
Jachyglossus aeulcatus, 678, 
674 : i arsius, 558 Teleo- 
■tei, 2S0 loipdo, 204 

Brain case—See l ranium 
Brain cavil} See Cr inial 
cavity 

hiamathtnum, ft 02 
Dnnchia S alpa, 25*, 27, 87 
Biamhi«p, Anpnxsn 86 , 277 

Amphibia, *7* 1 l K c c P ha 
laspis, 129 : Ocelolepida, 
M 3 - (hamate, 83*. 80 : Dog¬ 
fish ibo / piceratodus /or 
stm, 80 , 295 Hipbounn 

pus 259: Holooephall, 220 
\ictnrus matulatus, 889 : 
Pi otopttm 805 : Rana 
880, 431 Salumandra, 848 ; 
Salmo /(trio -37 2 jci 

Syu£Wflf/ui<3, 277 ladpolc 
322 IehosUx 88 , 277 
lorbedo 204 : Urodela, 1 
Branchial aputints hnphi 
o\us. 43 *, 44, 47, 56, s 7 
Anaapida, 141 Am, 4 s i 
Palano lossiis 0 iepha 

lodiscus S q thlamxdov 

lackus, 199 Ghondnch- 
thyes 199 Chordata, - 
Craniate, 81, 62 67, bs* 98 . 
Dog toll 178 185, 187,188, 
192, 198: 1 ptaUctns 149 
J plain tu (in at us 148: 

Tish 89" JUptfanchias j j> 
Hrxanchus, 109 Hippo 
campus 259: Holooephall, 
217 Hypotremate, 173 

Myxiuc 141 Myune glut 1 

ntna 148 , 150 : \ff/Kirn 
maculatu 389 : O trat 1 on 
281 ; Pctiomyton fluviatxhs 
184,148 : Petromxson man 
nus 185 : Pleurotremate, 
175 Ptxchodiui bahawensi 
5: hhabdopliuta 8 Sain o 
fano 237, 247 balpa, 27 
Dianchiil arctics Acipcnsu 
272 : 1 hlamxdo clachu 

-02 Chondnchthyes, -.02 
Craniate, 7}* 1 pu**atodus 

forsten , 295 , 297 flip 
Uanthias, 202 Hnaxxokus, 
202 Palaospondylus & unm, 
171 , 172 Piotopterus 305 
ham 880 : balmo /ano, 


844: Salmo talar, 245: lad 



Bramhml ai tones, Amp h riua, 
349 Imphwxus, 46 , 47 : 
Dog-fish 187 ,188 / picera¬ 

todus forsten 209: hishes 
89, 90 : Salamandra, 948 
Branchial basket, Myune 
149 Myxine gluttnosa, 180 : 
Petromysan, 138 * 

Branchial clumber A can 

thodfs 157 ■ Ptnuhthyodfs 
i(p* 

Branchial ill nncnti A mpht 
oyus, 41, 44, 45 48 : t alio 
rhynchus antarctu u•* 224 : 
Craniate, 87, 85 *, 88 : Dog- 

fisli iKh,218 

linnchial lamellx Su Bran 
dual filaments 

Branchial nerve Dogfish 108, 
19^ 

Ihanchial pill* Dupanaspn 
gemuandmtnst 188 ■ Pttra 
fns tosUata 182 
Branchial pom lies < ebhalas 
pn T 27 Craniate, 87, s^* 
88 : Dog fish 188: Entero- 
pneoate, 1 * 3 Mwint 

Jutnwsa 150: Pdtomy *m 
mannu 189: Pteraspido- 
morphi, 141 Pin 1 pi 
insttata 14 

Bramhiilrass St Ihinrhul 

lCKls 

Brim hill 11 non h tl m h 

su s 2 

llrmthiU rods \mphio\us 
43*, 44,43 ictorhnun 205 
Chondiiehthyee, 202 Salmr 
fano 243 

Brimhnl tube \twim 

«>?*? 150 

Bniiclnal vein 11‘utnilont 
foi ten 290, jo* 

Brim hiocardnr \ ossc 1 1 

cult a 16 , 17 * 

Br im luosti gal mt mbrane 
Umar ah a 235: Polyptnu-* 
helm 282: S almo fanr 
237 : S* 6 iwfi> btumdi 
260: Teleostei, 2 A 7 
Bum Inostegil ra\s ihondio 
ti 11 at ipi u s itoidt s 281 : 

/ It nuhthx s, 288 : Pula 0 
uisuts manopomui 227 : 
Protospondyli, 233 Salmo 
Jam M7 241, 2U 
Branch 10 stow a See 4mphio\ns 
Jiranchiostomidir io* 

Bxcam .ox 

Broad bills See I w \ lamia 
Broad ligament, I acerta 874, 
175 

Bionchioles f cpw cum cuius 
309 
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Bronchus Aw, 446 ; Colutnba 
ima 448 , 443# 444 : 1 aceita, 
Mi 37 « Jtpus cunuiilut, 
5°Q 

BroHtQtaurw, 980 
Lrontothmum *98 
Btontothmum Indyt, MB 
hrontothenum platyceras, 5M 
Jfeontotharoidea—Sec Titeno- 


Brood pout h Htppocampu 
259 —See also Mareupium 
Brook Irout -See Samo fauo 
Brown funnel, 1 tnphtoxui, 44, 
48 * 

Bucral cavitv Sei Mouth 
BululI funnel Petromyioii 
fiuuatths , 184 : Pitromy*w 
mannas 188 

Buccal glands Aw, 477 
L olumba Ima 433 Crani¬ 
ate, 84 * 

Buccal nerve 4 ma cab a 108 * 
Craniate, 108 : Dog lish 193 
Buccal tentacles Myruu 741 # 
Buccinator muscle I epu cum 
tulu * 497 hat, 017 
Iiwetotula 402 47 b 
Budding Asmdlaoea, 2 - 
i 1 { ha loth Q Dotlolnm 


46 87 j’li ma 

S alp I 58 
Lujn 1 ul h ui? )|i 
Bulbil? aort 1 Amphibia, ^ m 
hana 884. S atam tndia 848 
J'ulbus arteriosus 1 1 h( bs* 

7i ana 380 : Pstn m\ n 1 \ 
btilmoJane 848, -1 > Teleo- 
ltet, 2 So 

Bulla Carnivora, ■>77 ■>;* 

(ynocephalu Eu- 

theria, 541 

678: Inseotivora, *1 

I epu cunnulu* 498, 404 
486 : Mammilla, 1 1 ° 
Menotyphla, 54 b Meta- 
therm, 539 Primates, r>i 
563 t/isM Aiuv 670 
Bundodonte, 000 
Bunodonttf tth Equoidea, 191 

Bunoid -bee Bunodont 
Bun he Us 2c lira- See 1 /uua 
burchrlh 

Thum tt Salmon Sc c rpm 1 a 

todui louden 

Buisa labriui (tlumUa hurt 
442,441 

Bustards S u Oh hr 


i 4 C 4 tuj, 4 O 2 

( *etp* 888 

t idoplioie Jiolwluw 85, 88 * 
CaSucibranchiale Urodela, 3 \o 


C»ca, Aw, 477 iohkmba 
hvta, m 444 Callus, 477 
Oin^pmodL 231 laurta 
3 O 6 , 887, 888 : Laoerhlia, 
412 Lepidobtfu*; 278: 
/ t/>fiv 50 \ Mam. 

malia, 888, 608 Ophidia, 
412 Po lypteruu, 2 u 
Salmo faito £48, 249 Sow 
nto us B -o-) Tebostei, 270 
CtrcxUa pachynema 841 
CeNo/^ii 532 
( tmoleUidtB 512 
Caiman 592 jqS 123 
C ainothttutter 600 
( atamodm 616 
( alanmchthys * j - 3- 
f alamou hth\s tulal (incus .44 
(ilamus of futlur 480: 
( olumba Una 488 

(alunus senptonus J cfn 
cumcuiub, 513 

C ik ideal pioccss I tpn aim 
tulu 6 v 0 

( llcmeum Jirad\pu Uniat. 
t\tu 080: t onus tlaphu 
647: ( olumba lu ta j 3 ) 
J)a \pus se\iuulu 881: 
l tfmis cat allu 648 1 (»01 ilia 
686 1 Halmahitu ualnbatus 
688 . H mio 666: Ltpus cum 
culm 500 : Macro! u 641: 
Mammalia, ojG \hson\\ 
648 : OnuthorhyncMu 587 ■ 
Phalanfti 540: Pinnipedia, 
5 S 1 Ponqi 685 . Proto- 
thena, 53 hana, 809 v >n> 
Siia s rrojtt 848: t ar m 
55 b LctrapodSO; lntim 
ttodon a 1 I 1 844 

C il ai Ohiroptera, 533 Han a 
808, b<> 

C dcilic d c utihge Craniate, 74* 
( alhchthy s 
( alhthny , 1 

( nll>rh\n hn -1 \ 815, 17 

21S 19 2-j 

( aUorh\mhu\ ant at (In u 210, 
880,221,888,884 
(jirnls Set Tylopoda, (ante 
^ rts 

( auitlila 866 
1 amtlus bactnanu 601 
( amclu* J> nntd nuts ju 
(ampanuJi HiJUn S almv 

faixo 862 

C d mptot 1 ichia 1 pioeratodu 

foisten 29 \ 

( analicnl e, C osmoid sc lit 84 : 

Ganoid scale 66 
1 amdee 57 ) 005 
( anuu It ctli Eqnmdea, 3 «n 
1 quin 888 : Mammalia, 
i> 53 * OrmthoiUvnckus 5 > 
Ptiloctnu town 648 ; 

( ams 884, 886 , 678 
( ann ftmiltans 578, 848 


Cannon bone / 1 Mai-maWo, 

fluimflni —See A-awii— 

Cape Jumping Hare—See 
hdetes 

Capillaries, 4 mphioxus 47: 

fishes, 8 b* 80 : Hana 884 
(.apitellum I epu s cumculm 

C ipitular fi< 1 1 J at orta 338 
Oapnmulgi, \(>* 
Oapnmnlgiiomiei. 402 
Capsule of eye Craniate, 113* 
Captorhinomorpha, 378 
C aptorktnus 378 
Capuchins St t Cebus 
Cap>ban -Set Ihdrorhcmt s 
Cai apace Cheloma, 398 401 
402 Dn matockrlys 402 
spares 40 

C ai bom ft 1 uus Actinopterygu, 
-25 Amphibia, 331 334 
133 bq Dipnsusti, 881 , 
*i> Xohthyotoim, 174 
Peteliohthyida, 167 Pleuro- 
pterygu, 173 L 7\ Bsptlha, 

( aiciannxdee 177 208 
tarchannns 177 -05 
Lairharodon 170 213 
Caidiac end ol stouiuh Mam, 
malia, 668 

(aidiac*ac bulanoj mus 8 : 
Enteropneusta, 0* Ithabdo- 
plema 12 : fotn na 7 
C aidiic vagus nnve Dog fish 
mi 

Cardinal veins Amphibia, 319 
Craniate, 67 , 08 : 1 picera 
todus fonten 299 , 3^ J 
lishcs 89 ,oi* Hatta 888, 
323 ladpolc 3.3 
(animal sinuses Dog fish, 188 , 
iSq 

Caidio \ 1 st i r l 1 \ essel 1 scuha 

18,17* 

( vtmxats 401 

( inn a steim, ( olumba ItPta 
488 , 431 » 44°» 441 , 448 . 
iialius 470 : PtoceUarxa 
470 : 1 urdus, 470 : Vuttur, 
470 

i annata 472 473 474 , 48 ^* 

( amasbidl tn th ( anxdee 57 , 

< ants, 064 : Carnivora, )7 J 
664 : belts, 004 : flnpcdt s 
664 . Hyanodon 576 • 
Jutra 804 : Mdt 084 : 
Oxyam 578 : Ursus 884 : 
Wolf 676 

Carnivora, 318 57 - 5 *>f 840, 
004 

C arolositiiha 572 
(arotid aitcnes, Amphibia, 
349 < olumba hvia, MS. 

147, OiMiit,. M: 

( rotodtlus, HI: Dog-Ash 
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187, IBS : L pweraiodu* for. 
um, 889: Botham, 141 
ft***. 9?* I aorta W7, 
368 , M9 : I epus cumculus 
506 , 807 : Macfopctahththyo 
raphoulcHobts, 107: Mam- 
miriit, 670 Metdtheruu 540 
HQ /few, 820. 821, 884: 
Salamandra, 848 : Jam us 
55« 

Caiotid canal Ursus ferox 870 
Carotid foramen Inas bouhas 
470 : Aptery x mantelh 478 : 
Jrktkyopkt* gluHnosa 848: 
Phlocercus town 848 
Carotid labyrinth liana 820. 

821: Salamandru 848 
Carp 261 

Caipalb A r cheropit ry \ htho 
graphic a 486 : Anhaomis 
si entensi 484: lacerta 884: 
1 opus cuniculus, W) hana 
St 5 Sphfnodon 889, 10 S 
rthapod 7 S* 80‘Xenarthra, 
628 

Carpet Shark Su Ortctalobits 
Carpometai arpus ( oluml a 
Ima 487 

Carpus, litigator 409: Brady 
pus, t) 2 y Cetacea, 5 ho 
C halama, p>s Chiroptera, 
552 c hohrpus 6*9 0 on- 
dyl&rthra, 5 ^ Crooodilia, 
400 f/omo 505 Insecti- 
vora, 5 p> /arn to 884 
lepus Litnu uht 488 : Mam¬ 
malia* 011 « is 046 Meta- 
theria, s to /topio 
666 : Primates, 5 <»s Proto- 
thena, Byrema, m * 

1 Htaumdon a 2 / 1 ? 844 

I f SMS tfWflMCflWU 679 
Xenartbra, ft-o 
tartdigc Chondnchthyee, nn 
Cramata, 71 Vxxme giuti 
now 180" J J # ft jury jwii 186, 
188, 1 -»7 1 <8 Pctroni\ m 
tnannus 189 

Cartil igt bones—See Hi pi ic 
ing bones 

< artilagmous skull 72 
Cirumle Aves, |^S 
Cassowary Se< ia nanus 
Castoroidea, < -1 
(astoroidu 01 ft 
Oasuaniformes, 457 
( amauu 45 / 488, 470, 475 
485 

Oatarrhim, sso 640 

C at tishis Set Sxlunda 
C athaites 461 
( at ptvnda **s n 
tutvpUtu +\o 
C ats—See 1 did* 

Caudal artery 1 oluml a Ima 
447 . 446 Cramata, 67,98 ■ 
Dog fish, 187 , 188: 1 ishes 


89, 90 *, Lacerta, 368 , 889 : 
1 epus cuniculus, 506 , 607: 
Smmofauo 848 
Caudal nn AffisMI 1 , 144 
ictfonser tulhonus 280: 
Aoimstta, 288 Anna calva 
288 ; Anaqhda, 1 )o Choa- 
dnohthyes, iqB Ghmubo- 
■tei, 231 OtBlolepida, 133 
Oraniata, 81, 6 * Dog hsh, 
88 , 178 i pinratodus for 
start, 293 294 Hyin^- 

hshts jOj Oadus morthua 
880 : (hnglymodi *2 n H%p 
pocatnpus 208 Holocephali, 
217 Iehthjotomi, 171 
Leptdastren 290 1 epuio 

sleusplatystomus fflhlPalao 
spondylus gunm 170 Pleu- 
roptarygu* 171 Polyptrrus 
birhit 282: Protospondyli, 
M 5 Pteraspidomorphi, m 
Ptenchthyode* 105 Bhipi- 
distia, 285 'salmo Jauo 280, 
- is M n 42 ft Teleostei, 268 
*7- 

C audol ganghon 1 pptndi 

culana 22 , 2 ft* 

Caudal ptcryla t olumba In ui 
481 : (>\partus 467 
Ctudtl region ( to< iditu 899 
( iudil swellings Ohondnch- 
thyes, -m Doltish 211 
c iudil tmt Su ( mdd 
pic i>h 

t iudil \Lin Amphibia, \ 1 
t dunil a In \a 447 : Cimm- 
ata, 67 : l»og hsh 188, iSj 
1 piueratidw, fuistiu pit 
1 1 shts 89, ui* l aurta 867, 
ii M S alamandia waculo a 
880 " S almo fa no 248 
C iudil v( rtebra (olumla 
It 1 a 438, 4*1 f epus cum 
emus 4 h(j {go Mammalia, 

1 Primates, ■»<*> Si- 
rema, 1 1 Xenartbra, ft-i 
Cauditf lolw nl h\pr J epu 
cunti ala* 508 

( s\al \eins See Pru ival and 
Postias il \tins 


C a vies 
Cavuin 
4^3* 

C avum pulmonale Beptllia, 
fM* turtle 418 
Cavum venosum Beptllia, 

41 j* Turtle 418 
(tbxdff 550 5ft > 

(tbits H9 
(i llulosc i {* 

c ement of tc 1 th Cramata, 82 * 
88 : Mammalia, 850 
(entetes mandat us 547 
Ctntra—Sec Vertebral centra 
(tntnl canal of spinal cord, 
Cramata, 88,98,98 


Sti Histrieomorpha 
irtcnosum Beptllia, 


Beptllia, 


Central plate f occasions diet* 

S ons 161,162 bptpdaltch- 

ys wildunaensts, 188: 
HeterosteuS 188 
Centralia A lit gator, 409 : Car- 
mvora. 579 Ohekmia, 406 
f rorodilus 410 • Dioyno- 
dontia, 884: Oommopiia, 
884Tlnseofavoia, 550 la 
carta 884 : f opus cummins 
498, 499 Mammalia, 646 
Papio anubts 885: Pdy- 
cosauna, 884: Primates. 
5 ft i liana 315 11 ft Sphe 
notion 408 / alpa 849" 

1 <trdjKKl 80, Hi* Intern 
notion a&hs, 644 
( tnUophona caluus 199 
C e phot a spida 12 ft~i *0 
Oephalaspidomorphi, 125 x 41 

(tphalasft s 107, 12ft i«7 


Cephalic pt ei yU ( olumba 

in ta 481: li\pattus 467 
(t phihc shields Oephalaspido¬ 
morphi, 129 ‘ ( tpkalaspis 
1-7 lsiataspis authnt 
asptdoih 128 
( fphalodtscu - \ S* 0 11 
(i jAwlodiscits todfcalophu 9, 

( tpii nido |ft- 
< eiaspi 105 

tiratoln iniliuls Uutith it 
167: Iciptustt 272:Hoi]) 
skull 75 ( iftdiginous 

skull 72 ( dumba Una 

486: Cramata, 71 * Dog 
hsh 182: fattt 244 

Lfiatodns 78, -9 \ Sci ilso 
/ piatatodu* 

1 eratodv ft* Uu Sti 1 pi 
cnatodus fotdm 
(uitohyil Uanth( 1 167 . 

hurt 868. 13 on> skull 75 . 
(artiUi^inous skull 72 
( hintan m n Uo\a 218 
ill ndrosttus act pm troths 

281: Cramata, 7 ,* Do^ 
hsh 180,182: Hypotremata, 

17ft / epus cuniculus 407 

Mammalia, 689: Palm 
spond\lu\ guruu 171 
nenrotremata, 17 ft s almo 
fano 243 244. 1 idjKiU 818 
(tratolepis i 6 s 
Oeratopsia, )gi 

(cratotruhia Chondn chthyes, 
uki Dogfish U8 
(ercopithenda 550 s<x> 

( etcvptlhecu 5 59 
(tu Columbu ima 426, 127 
442 

Cut bell it commissures la 
certa 872 

Cerebellar fossa 1 epus cum 
cuius 49 ft Metathena, 338 
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Cerebellar ventricle See 1 pi 
coale 

( t rebell um 4 Ih gator 416 : 

(ai/orhjncAui untarci\cus 
m : C ants, mi oh(m- 
AdehQmi. 206 tolumba 
AnTMLM* 449, 450 : 
Oran lata, 87 , 97*. 58 : Dor 
fi<di ISO, xgx FpxctralaUu 
forstm, § 00 , 101 Hdo- 
oiphall, 220 I aceita 805 , 
870 , 371 / epxdosteus, 880 a 

I epus tuntculus, 508 , 510 , 
511 , 518 , 513 Mammalia, 

hjT Ornithorhynchus ana 
ttnus 074 : Petiogale pent 
ctllata 878 : Petromyxon 140 
* 148: Petiom\»on mannus 

141 : Pseu lophy a s bachu s 
879 : Jtana 818, 325 886 ■ 
Beptllia, 414 Salma fant 
848, 2 4 9 850,851 : 
glossusus aculeatus 878: lor 
pedo 804 

Lcnbralcyc Im/’Afotit? 50 
( t re bral flexure Cramata, 101 * 
Cerebral fossi l epus turn 
ntlus 106 

< 4 rilu il piuglion lf/mh 
niton a . 6 * -7 
(crtbril hemisphere JMi 
pa tor, 415* C a/fojJ&vm/w? 
«»hm ficus 231 : < fiw/ 

872 : ( olumba lu ta 448, 
44* 445,460 Cramata, 98: 
l isJk s 97 * Holooaphali, 
Hem y hi I amtu 
809, 870, m 878- / #> w 
614 »in 4 /us 602, 5 >0 610,511, 
612 : Mammalia, G-n ( 71 
1 7 b Metathena, ^7 \ Oni 
thnhymhns (174 h ana 

818, j 5 888 Reptilia, 

414 S cymnorhinu > 
lachy^tossus <174 

Ccrcbnl ntive* J//i ilti 415 
49, ■jo fan/ 
878 : C o/ionbu //? w 449 
Cramata, 101 ,108 I* k Mi 
191 198" L 1 nla 470 7 
Jitu umculu 610 liana 

888 • ''aim 1 fa* 0 850 

(eubnl ncivc foimnni 
Inis bjschm 478 Iptnw 
want Vi 478, 478. ( tittml a 
Inia 484: (lotalu 408 
(ciebnl ventnclc Sec I nu 
phalot cele 

Ccrebro spinal cuit\ S< 1 
Neunl cinil 

( ervieil air s n, Avea, 445 
i olumf 4 litui 444 
Ct n ical aptc num I rd a 467 : 

( olumba hr ta 481 
Cervical ginglia 1 tpu cum 
cuius, 51 ) 

Corvieil nlw Cc/umber him 


408 : Jacorta, 858 : fbai 
thoi ky tubus, 587 
C eivical vertebra. Amphibia, 
i4j Balana mybtiretus 
568 : Oarwrora, 377 f 
umba hvia, 488,448: 1 epus 
eumculust 489, 490 Mamp 
malia,b 37 Matathena, in 
Phocatta communis 585 : 
Pinnate*, 560 Mim<? 809, 
girenia, 612 Xenar 
thra, 026 

C < ri/uhr O02 
Crrtmr 602 

Ceivix. uitn Enthana, 678 
Oervoidea, bm 602 
( tuus ilaphus 647 
( cstranou 201 206 
Cetacea, sib ,hi* 7 671 
C ffrnsflwut 3>> 

Ci/orAtwws T76 14 805 

tefofAc tndte 5S4 
Chali/i oi egg Aves, 1/0 
(» alius 480 
C hal u/es fig 
( hahiotherium 599 
Ohaliootbanudea, 50 ) 

Unmahon, ->88 ^ h ^7 \ > > 

in 418, 4 m 
( hamaleon ulgau 894 
Uur -,S 
( hauidnida 461 
Clvek boms Qinglvirodi, i| 
Hthptychiu 280 
( hcnacanthu 14 
( haracanthii mu chi hi 158 
( hi nodus * o 
(htivolcpi 228, i 

c h to Una pi 
( hthn m its 402, 406 
Cheloma, •»*> 37 s * Hi 
400 401, 1 - Pi i«s 411 

4H Ml M ( Jt - M4 
C hi vx on bores Cetacea, ^ 

H alma tin s talc l ah 588 . 

lamti >>o Mammalia, 

(i|S Ph ctnui t hi 1 111 

585 . Reptilia, 1 h> Xenar- 
thra, <”(> 

CluMoluns—Sit Tragnloidea 
( hil< f ranchus Sj 
t hihthmum ^ 
t hi nun a .1 \ 17 rS w 

( hnu it 1 w h ho a 216, 218 
(htman/i i \ 

(lump in/(i Sec Pan 
(lime si WitirUui Ste 
Hydrop ties 
(hiowda 461 
( hiouts -See (hiomdcr 
Chipmunks Set Scmzoidea 
(hirocenhus 71 
Chinch S 5 1 
( hirof^ahiier 1 >6 
(htnmntn ^^7 

C hti 01 m 9 657 

Chirouuti 


Ohmvtm. 5 »« 55 “*-su 

Lhnothiix 263 
C kirothm Ubamous 884 
< hlam\d tsaunis 420 
(hlamydosflat hw> 17(1 iqq 202 
C hlamydoselachus anguine n?, 
176 

(hoani*—See Postcnoi msal 
opening 
ChoanaU, 132 * 

Choamchthyei, 1^2 *84* 306 
( h&ropu* 51 * 
iholapus 6 -) dm 
(holapu dtdatt\lus, 885 
( hoiospus hojfmannt 626 
Ohondnchthyes, 7 1 172* 

2*3 

(hondrocramum Su hienro 
ci imum 

Chcmdroitei, - (> -p* 23. 

l 7 \ 

L h mdro it us ai ipt nsrroide 

881 

Chord i doiiilis See Nolo 
chord 

(hnid 1 lyinprim Mammalia, 

Hl|* 

Chordi t ndim 1 Tepus cum 
tutu 505 

Chordata, 1 * 

f hon >n Aval, 4 *) 484 - 

lima 29*: TTypstpiymnus 
mfestnis 890. / 1 pus cum 
min 516, 517 Mammalia, 
6 Sj 884,686 

Chorionic villi I tpu s tutu 
cuius •)!/ Mammalia, 683 
(hoioid (r/tnnba h ta 451 : 
Cramata, ir** Doghsh 
194 Homo 111: Satmo 
fat 10 *51 252 

Clmroid lissure, Cramata, 114 * 
Choroid gland, Salmo fano 
251 * 252 

Choroul plexus ( all yrh \ nchv 5 
antaictnu , 221 : Cramata, 
101 * Doglish in Jpi 
tnatolu forsteii 3 >0 HmO- 
oephak, 2 1 ii~ l aett/a 
870, >71 872 : I epus cum 
ndu Oil, 512 Pttroms n 
ip PiUomyzon nut mu, 
141: hana 3^5 926,827 
1 htysochlonda 545 
( hivsochlotn tn elyanx 515 
t hivsophiys 2 ^- 
( hnsothnr —^Sce 
( xoonia 461 
Ciconulormei, 4 bi 
Cilia C phalodt setts q 
(ili uy g uighon Cramata, 1 n 3 * 
Cihaiy muselc Cramata, n-* 

C 1 I 1 ITT process l olumba h n 

451: Cramata, 111, u-* 

Hotno 111 

Ciluied divnlieulum, Uudia, 
88 1 Widnn larva 84 
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7 x 0 

Cili itrd funnel Appmduu - 
farur 47 4 sfi<Aa 18* 

4 writ* svnpluts 27 /><??«) 
Aim, 27 85, 87: 

S'a/£« Amoi rattca, M 

Ciliated groove, 6atya, 87 
Ciliated rings, Somalia, 7 
tiooa 20 

Circulatory system — Su 
Vascular system 
tircum orbital bones A can 
thodts 157: J eptolrpis 
bronnt 857: Salma far 10 
841, 242 

Cun Ampkw\us t 41, 4a* 44 
f ttfwfo Actarta, Ml 
livit Cat.—See V»i emrfa 
Oadistia—See Polyptenm 
C ladodus, 78 , 171 
( ladotdacht, 78, 79 
Lladoidache fvlan 178 
dado—lachu — Set Pleorop- 
terytfi 

Clarke's column Qnidate, M 
CHspers, thunara moutfrow? 
218: Chondriehtkyee, mb 



Classic cation Acantbaqndo- 

morptai, 150 Uanthodxda 
159 Acanthodu, 13* 139 
Aranthopterym, 2 - b 2<>i 
Aeranis, 50 Actuustia, 287 
l<tea©pte?3fii, 226 -27 

Adeloepondyha, 333 Amphi¬ 
bia, 306 332 H4 i tnpht 

ovws, 39 Anapsida, -j/7 
Anthxopoidea, 539 Ano- 
anhi.162 Anna, 333 353 
Aphetohyoidea, 152 Apoda, 
33) ippendnulma 39 

Archmop tc r yg itonnes, 451 
Arthrodira, 159 Artio- 
daetjla, 51b 587 000 

Asmdiaeea, 3S Am, 4’5 
153 liiilann^los u 39 

Barythena, 61 > Borndea, 
bo. Bradypodida, 023 

Carnivora, 31b 372 Oera- 
topna, ini Cetacea, 31b, 
381 59b 

Cheloma, 376 Chiroptera, 
318 530 Choam9hthye»,-b4 
Chondnchthyes, 172 Ohon- 
dn»id,.2G, 230 Cocooateo- 
morphi, 160 ( alacanthid > 

287 ( olumba, 462 Oondy- 
laiihra, 566 Ootylosanna, 
377 Craaiata, 124 Croco- 
dilia, 392 Sfifegtewate, 
T 47 Datypodtda (> 2 (> 
Dennoptera, 31s Diapeida, 
3 ( *7 Duynodootia, 380 
Di no c er at a , 568 Dinoeanria, 
389 DmotiwnHdea, 606 
liiplaemthida, 139 Dip* 
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WwiWg 518 Uephaot* 

aidea, 608 Hmbrtthopoda, 
613 Iqiioidea, 591 Ion* 
laehU, 175 IMmiiM, 176 
OimwBiodl,22t> 233 Qiraf- 
fndea, 602 Qnathosto- 
mats 132 Banunhocda, 
11 Holoeephab, .14 
Holoetm, 228 Bypotn- 

T-V,\ ,7 £mSSSA 

386 Iohthyotomi, 174 
Inseohvora. 31b 313 /«J 

nacanlhtdtr, 139 Isoapon- 
dyh.226 257,258 Labryin- 
thodootia, 333 Iucirta 388 
423 Laootilia, 38b Lepo- 
apondylia, 333 339 / tpu> 

ruuiculits S17 LUopterna, 
369 Mammalia, 487 517 
518 Mastodontofalea, floe 
Megachiroptera, 531 Meta- 
tbena, 31b 331 Miero- 
ehuoptera, 352 Mmnthe- 
rodea, «*» Monopnenmo- 
ns, in) Monotnmata, 31b 

Myrmicophagul 1 62 6 Nc 
gnath* 400 Heopterygn, 
26 Nothosaona, 383 
Votidawndea, 176 Onu- 
thianlua, 390 Orthopoda, 
390 Palseognatha, 436 
Palceomsooidei, 226 Palse- 
opterygu, 2.6 Paatodonta, 
3*>H Peicora, mi Pelyoo- 
sauna, ,>*> Penssodactyla, 
31b, 5b, 3S9 Petahchthyida, 
103 Pholidota, 51b 631 
Phyllospondylia, 333 33) 
Plaoodontia, 383 Pleaioaaa- 
na, 3^3 Plenropterygu, 
173 Pleurotremata, 174 
17< Pdypterini, .3- Pri¬ 
mates, 51b 334 Proboscides, 
Go3 Protoapondyli, 22b .33 
Pterodactyl^ 39- Pytho- 
nomorpha. 389 liana 133 
334 BeptiUa, 3 j<> 37 t 3 7 
Rbamphorhynohoidea, 393 
nhwiMiiHi, 107 Bbuhdiatia, 
-b, 2b7 Bhynehooephalia, 
187 Bodentia, 31b Cio 
Sn/fjio 233 'ialmo Jana 
>s4 s at pa 39 Bannnhia, 
3)> Sanropoda, 390 81- 

rania, 31B bio Bqnaloidea, 

177 Sunamata, 388 Steco- 
lauia, 391 Synapnda, 380 
Tesmodontla, f>io Tapml- 
dea, 396 Taleoetei, 221 
233 25c Thaeodantia, 387 
Theriodantia, 381 Thero- 
poda, 390 tllMoDtu, 016 
Titaaotheroidea, 317 Tabu- 
lidentata, 311* 032 Uro- 


oborda, 38 Urodela, 133 
Xaudln, 612 
( latdhttafw, U 
Clavicle JBtadypus tndartylus 
588 : Carnivora, 579 C asu 
cn u», 470 S Cknmkpu. 888 a 
Ohakoua, 4° 8 OUroptm, 
55* Chondrostei, 888; 

C hondrosteus attpenwoiim 
881: ( ntudo lutatia 9 401 ; 

(ouoccphalus urldt 888* 

Dioynodontia, iKt I ptetra 
todus forstin 297 (jingly- 
modl, 2^4 Hahnatwus 
unlabatu'i ^8 JJehrhihy 

elegant 880: Inseetmm, 
549 lacetta 350 , Um I epus , 
cuniculm 497 MammaUi, 
63 \ Hetathena, 5 ^0 Orm 
iho*hynchut 587: Primates, 
^a no 814 : Bodentu. 
021 S phenodm 809: J alpa 
548: letrapod 80, 8i* 
XenazUnap 02 K 029 
( Uv,i (olumba Una 4’S 
Mammalia. ( ^ 

CU 1 vi go Set Segment 1 
linn 

Uutlinini (hcnolepi 888. 
Ohondrostei, 27 \ Chondn 
to «s acipfuttumlet 281 
(occocephalus ntldi, 888 
Dfplopierax Uatll », 887 

Lpu et atolu Jot tin 1 r 
IJcht hthx s flcf> irt 280 
Holoptyihtus ft mm 1 288 
Tfpiolrpt h Hint 857 
Ost l pi 

tnacfolepiUotus 888 : Pah 0 
uncus mamp mu 227 : 

S almo Jam 248 Stego- 
eepbala, ^4^ 

Lhmatin* 

( hmatm\ letinthtu* 155 
( Iwmtius 1 intmalu 158 
Climbing Icicb Sft inert t 
Mew lent 

chtoiis Cheloma, 410 Cro- 
codilia, 41O J (put runtiu 
lu 514, 110 Mammalia. 

079 Itirin mu\ 885 

Cloiri l (idta lompotita 0 > 
t alloth\ n hit antautuu 

822 * Chondnchthyes. igi 
2 o>) ( olumba U ia 44 ^ 

Craniate. 02 Didtlphv 
dotsi^cra 886 . Dog lish 
17S 1S4 185, 198: tacerta 
3te. 874: Mammalia, <ftt> 

han 1 818. 127 888 : 

! achx 0 lottus euuleatus 888 : 
Ivuhotufus, 885 
Cloacal vun Dog hsh 188 : 

Salamandra maculosa ISO 
Club sbaptdgUnd imphio\u\ 

Olopeoidea, 25b 
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Coomul prowss, C ohmha 
hvta, MS 

Cnemial ridge. I actrta, 365 
Cnmtomu, 470 . 474 
Cobtht, 184 

( oeeoctpMhtt atid S 8 S 
< orcoiteida, 139 
Co ce ogtewnarphl, 139 , iho* 
162 

(occoiUus dwtptrns, 160, Ml, 
162 

Ooccyffeomebcntmc \eiu, (1 
lutnlia hi in, M7, 448 
Coccyx Primaiei, 5 O 0 

Cochlea, (olumba Into |«ii 

Ml: 011111111,117*: flown, 
676: taenia 374 1 epus 

eunit,ulus, 511 . Mammalia, 
670 

( oihliodonUdat, 174 
Cockatoos See Cacatua 
( od—Sec tnorrhua 

C alacanthida 2 b 7 *- 28 n 
( arfacanf/ws 289 
faluu oriel y C olumba ft u 
467 : Pogfibh 185, 168, 
1 bo Wishes, 89, o»* la 

ceita, 36 b, 889: I epus 

cummins, 808, 306 607 
Cceluc ganglion / cpn run 
cuius 514 * 

laluuplcMi lipu atmntlus 
V\ 

C a liacomt k ntt 1 ir 11 tn v Su 
bpDnchnu art 11 \ 
t mogenys p it 1 619 

Ccelalepida, 1-1 ' 

( celohpi* 133 
OflBlomata, 2 

((dome hnphinu 41, 44, 

13 * 46, 68 , 54, 68 : Aw, 
484 : ( rphulodt ru s 11 : 

Chordata, 2 * Cramata, w> 

67,01 1 -, I epu cumculu , 
300 Vi)(ho(h 1 t f thawrn 1 
5 : ban 1 188: S ulmo font 
M7 

(ulonin i|Kitui( Dog iisli 

196 

( iriomu bay Chondriohthyes, 
200 Pn tint ns 209 
( a lomic funnel ( olnml a h in, 

452 

(»elonu( poll hes, ituphnxus 

68 *, 64 

( aloimi sat—See Somite 
(olfei hsh See O stratum 
(om f t rayi 674 
C olic s -St c f oh da 
(olntltr 4 Ui 
Colulonn , |0 

(ollar Bala no In us 2 , a* 6 : 
c ephalodist/t 0 Ptero- 
mnohia, b Rhabdoph ui x 

11,12 

C ollar uc 1 v< lih abdopleut a 12 
Collar ports lialanoglobsus, 1 * 


Pterobnnohie, 8 Rhabdo 
pleura, n 

CoDectuig tubes, Urodek, 851 

( ollocaha, 170 
( otobiu, 33 Q 

Colon, Dogfish, 184 , 186: 

lepus cvMculus 504 
Colour changes, flouts, 30 b 
( kamaleon , 307 Salma 

fat to, -70 

(oltibrim snakt -Su J tn 
pidonota natnx 
( olumba \ta, 

tOLUMOA LIMA 423 |32 

C olumba 462 
( olumbida, 462 

Oohunbiformes, 402,477 
(oiumcllaaurih, Amphibia, 331 
C olumba Itota, 43 ( 1 , 487 : 
Cranlata, 118 * 1 acuta 362 
■>7 j liana 811, 313 827 ■ 
Heptilia, 416 sphi notion 
404: J idpoh 818 
(olumna cornta, It/ns mm 
cuius 30 > 

Colymbiformes, |fn 
( ohmbus 4 O 1 

Commissures of lira in (olumba 
Una 460: 1 actita 870, 
371 872 : lepus tunuulus 
511, 512, 3 M Mammalia, 
072 , 671 Petrogale pmi 
cillaia, 878 . fuinri 123 , 828 : 
Beptlha, 114 vr/mo funo 
861 : l uh\ lossns amkatus, 

673 

( onmion carotiil Stc Carotid 
irtuii 

l umposiU ^scidian ou In 
dur cow fa, it a 
(owpsopuathn wo 
< onacodon ■jU" 

( nit hop mi a - 1 
Condjlir fni nmn / tpu rum 
iUlu |<|) 

Oondylarthra, 31 s 366 -649 
loiul>l(s Sc 1 M indibuhrton 
(I 31 ( Oi 1 lpit al cond% les 

( ones of c*yc, Cramata. 118* 

( ontvs—See Procavtidtr 
Connectives Ascuiia 13 * 

( ono\ visit, 6 x 6 

Contour ftathcis, (olumb r 
Una, 429 

ConCadcciduite pheenta oHS* 
Conus arlcnosus, fibula , 2 bo 
Amphibia, 3 p> Chondnch- 
thyes, 203 Craxuata, 67 : 
Dog-fish 185,186 187,188 : 
Ipirciafodus fox Ini 2 gb, 
299 ; hishes bb* 89, 90 : 
Ganoids, 280 ( cpidomen 

403 riotopteius W 3 Pann 
318, 820. 821, 824 : s ala 
tnandta 848 : Teleostei, 2 ao 
C onvergent adiptation Teleo* 
stei, 262 


C opt Osborn theory of tn- 
tuberculy, 653 , 6 M 
( opodonM*, 174 
Coproddcum (olumba hvta, 
•MOg 44 1 

Cppulatory sots / atetla, 874, 
C otactidtff, 462 

Omdifonnei, 462 

(oracobrachialls muscles, ( 0 

lumba hvia, 441 
f oral ohuineralis muscle h an a 
D7 

Coracoid lcanthode s, 157: 
Aoanthodu, 154 i mbi v 

stoma, 848: tftnyi man 
ft 11 %, 475 : irt ha or tits bit- 
menu, 464 : Btadypus $n- 
dticlylus, 028 : ( mnaUr, 

471 ( asuanus 470 : Ceta- 
oea, 5 W) Cheloma, 4**6 
Chiroptera, 35 - Clumdneh- 
thyes, 20 1 ( 1 studo tutana 

401; < ohunba hvia 482, 

437 441: Dwynodcmtia, 

381 Utplacanthns 156: 

Dog ihb, 183 hdcstosanius, 
889: Iguanodon betmbbar 
tensts, 891: InieeUvora, 
349 Lacevta, 860, ^ 

M acropt tahehthy s pt unn 

ensis 168: Mammalia ,641 

330 Oimthor 
h\nchub, 527 ; Pmmpedia, 
3bi Pksiosautus, 885 : 

Procellarta, 470 : Piotothena 
329 Kana 814 : Ratita 
174 Bodentia, 621 Sul 
aw an dta, SM: S altno fat to, 
246 : Snerna, 6 x 4 K pheno- 
dm, 809 : Teleostei, 274' 
i ttiapod, 80 ,81* Urodela, 

(oricoid process Carnivora, 
379 Dasypus txcinctus 
029 : J epus cumculus, 497 
Mammalia, 643 Phoccena 
commutus, 585 : Primates, 
363 Xenarthra, 02 b 
Coracoid region 1 etrapod, bi* 
Coracoscapular angle, Carin* 
atee, 471 C olumba Itma, 13 7 
Jhomedca, 075 Ratita, 474 
Cormorants—See Phalact orot a \ 
Cornta ( olum 1 a hvta , 451 : 
Cramata, 112 * Homo, 111: 
Salmofano 231,862 
Cornual cartilage Myxtnc 
gluhnoia, 150 : Pete om\sou 

137 * 

Cornual plate, Dtepanabpis 
gtmutnaensis, 188 : Pteta- 
spis roshata, 182 
Corona rodiata 
68 o* 

Corona] suture, J acetla, 360 
I epus cum cuius 40 4 
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Coronary, Avei, 486. 474 • Costal plate, Chelone my das, Ctolalus, 389, 408.481 
Lacaeta, 881. joi* 408 : (tstudo lutana, 401 Crowned Pigeons -See Gowa 

Coronary artery. Dog-fish, 187: Qostopulmonary muscles, Cmia cereori, < ams, 678: 

Lepus cunteuins, 505 ( ofumba hvia, 444 Oraniata, 08. on* : Dog-fisdi, 

CoroiLiiy sinus, Mammalia, C70 Cotyledonary placenta, 689* kit. Loretta, 870. 371 

Coronary vein, l epu\ turn- Cotyloid bone, Lthus cuntculus, I epus tuntculus, B10. 512, 

cuius, 608, 500 499 . Mammilla, 643 514: Pitrogale penmllala , 

Coionoid process, ( ynognathus Cotyloiaiirla, 375, 870. 377 $ - 678 : PeUamyzon mannus, 

888 : IHmettudon, 888 : 17 *>. 4*4 141: liana, 886 

iilohiocephalu s, 888 : la ( otylosaurus, 878 Crural pteryla, 1 olumba Ima , 

errta, *30 i : / nonr m/m Cow —Sec Artiodaetyla 481: Gypadtus, 467 

49 (« Myimaoophaga, 687 Cowper's gland, I epus cum Crus, /t/enta, 3<>5 
S.vwmomitAuo, 888 : lathy - ((MM, 514. 515 - "inwinlin, (iy ptobranckus, 340 

Lassus mu/eatus, 888 t >77 Cryptari, 472 . 475 . 4 ^ 

Comoid quailngcmina Sec Craig-fluke—See Ulyplotepha- t tenacanthidr, 174 
Mul-btdiu lus cvnoglow* C Unacantkus costtllatm, 174 


Corpus adiposum—See \diposc 
body 

Corpus* LdUobum, Batharia. 
54a: / (pits conuulHs, 510, 

511 , 518 : Mammalia, (71, 

(174 

Corpus cavemosum, 1 epus 
cummins, 514 . 515, 516. 
Mammalia, 077 
Coipus gcnuulatum, J epus 
t unu h/iis, 511 , 514 


Cranes —See Gnndtr 
Ciamal ravit>, Oraniata, i»o* 
Holooepbali, 219 hurt- 
aspis auchenaspidoidtb, 187: 
J epus cummins, 49 b Mam¬ 
malia, 0 41 : Metatheria, 
538 . Mnml^ 612 
Cranial neives See ( ereliral 
neives 

Cianial nerve foramina Sre 
Cerebral nurse foiainina 


(tentuodon , 421 
( tcnndactvlui, 680 
Ltenodns, 49) 

Cteiioid scales, U\, 870, 271 * 

( ubital remex, 1 phryx, 406 : 
< olumba l in a, 480, 411 
Opisthotomus, 460 
(11 bold, lltadxpus tudactxhts, 
680 : Daw pus sexuniUis 
681: hquits ialialliis, 648 : 
Hahnnfunts ualabatu', 588 : 


Coipus lugcnunus See Optic 
lobes 

Coipus luieum, Mammalia , 
boo* 

( orpus mammilla re, I (pus 
cummins 512, 511 Pitto- 
galc pnunlhUa, 678 : Jaihx- 
glotsus acuhaius , 878 
Coipus restilorme, i allothvn- 
ihus antartheus, 281: Dog 
fish, 191 . Holocephali, 221 . 
I epus cummins, 511 
C orpus spongiosum, 1 epus 
cuniiiilus, 514, 515 . 5^) 
Mammalia, 677 
Corpus steini— be< Slcrnum 
Corpus stnatum, < allothynt hits 
antm dints, 221 : l olumba 

Ima ho 460: Craniata, 
08: Holooepbali, 221 la 
ceitu 870,171 1 epidostius, 

280: It pus eumtulns, 511, 


(ranuil roof, PeUomyzon man 
nits 189 : Salmo salat, 245 

Oraniata, t*o* 

Craniospinal pioiess, Man op 
etulnhthys tapheidolabts, 167 
Ciamum, Am, 47 * • Chon- 
droitei, 27 2 Craniata, 71* 
Dog-fish, lho Holooepbali, 
218 Homo, 5(jt Ptlro 

mcon, 137 * Pinnipedia, 

578 Salmo fano, 240 

Urodela, 344 

(tatoselache, 1O7 
Crai, 4O1 

( remaster must le, Metatheria, 
ft Mo 

Oreodcmta, 5*«. *570 
Cretac eons Aetinopterygu, 
225 Amphibia, 3 \ \ Avee, 

455 . 4 V' i 8 <» Mammalia, 

5 I 8 | 522, 5(17 Beptilia, 

4 *» 


I epus cum cuius, 500 : Ma 
nopus, 541: Mammalia, 

i> 4 <», OfS W/*ony\, 646 : 
Onut/unh) in Hu , 527 : 

Phalange*, 540 : ^u\ seto/a 
648 : f etrapod, 80 : Intnu 

notion agiln 644 
Cin Loos See ( nnilnLe 
( utuhdn, |f >2 
Cuouliformes, \(u 
Cuirass, (auoshits dtctptens 
1 C 12 rtcnchlhyodos, ibf 
Cumulus prohgenis. Mam¬ 
malia, 680 

Cuneiform Buid^pii' tndac - 

ivlus 680 : Chiroptera, 55 i 
l quit* tabaUtt , 048 : hlnbto 
uphalus mlas, 588 : Hal 
mututus ualabatus, 588: 
l tpus eumtulns 488, 490 
500: Mammalia, i>ib 

2il( sonyx, 646 : Otmlhothvn 


5 T 2 Pseudopin ns bathus, 
279 : liana 325 Salmo 
lauo, 249 , 250: Teleoitei, 2 Hu 
Coipus tiaperoideiun, f epus 
r Miiir fc/f«s v 513 

Corte\ of brain, Craniata. 101* 
Coilex ol kidmy. Mammalia, 
<77 

( otyphodon Indians, 568 
( oYypkodonUdtr 508 
Cosmine layer, Actmietia. 288 . 
Dipneusti, 200 . Fishes, 63, 
04: Rhipidistia, 280 
Cosmine resorption, Dipneusti, 
-403 

Cosinoul Malts, oj C10110- 
pterygii, 65 Dipneoati, 65 

Megahchihys kibbeitt . 04 


Cnbnform pl«ite, Homo, 561 : 

1 1pus mutt ulus, 49) 

Cricoid cartilage (olumba 
Ima, in I atnla, 370 
I epus tunuitlus , 508 : Bep- 

tilia. 412 

(iistaacustica Craniata, it 7 * 

C rista galli, Homo, 561 
Onoodilia, 39-4*, 390, 39H 309, 

400, 402, 307, 409, 411, 412, 

413 im 4*5. 4^. 

4-1 • 4-45 

( tocodilm, 889, 400, 407, 410, 

Crocodilus porosits 407 
Crop, < olumba hint , 441 , 448 
OrowopterygU, 05, 7y , 152 ,165 - 
289 


thus, 587: Papto amtbis, 
566 : Hus s ttofa, 648: 
/ alpa 548: fapim* nidi 
cm. 647 : JttiaiHKl, 80: 
/ nienmodoyt anitxs, 844: 
lUsus amnnanus, 570 
C urassnw » See < rax 
( lirsnridl foot, MnmmeHn , (14 4 
C lit,menus arteiy, liana , 881. 
884 

Cutaneous gland, Mammalia, 
03 O Ha mt, 884 
Cutaneous vein, Dog-fish, 188 : 
l pueratodns fmsteu, 300 
liana, 884 

Cuticle, Amphumts, 42* 

( yamodus, 3H5 
c yathaspida, 12b, 131 
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Cyrfthorooid, Pvrovmta, 35* 
Cycloid •catas, 61, 171* 
Ordostym. *>* 
iychpttnu, 273 
Oycwtonate, 104 . 123 . i*t> 

Oyolodomlt 1*6 

( ydrfurtK, 636 , 038 631 

()«**'. 4 <« 
f ynocephaiidee. 333 
t ynonphalut 331,854 

Cynodonta. 888 , 384 

( viiognathus, 888, jHj 
Cypmouh, 36 1 
( ystic artorj, 1 tpu\ cutiuuhn 

608 

Cystic duct, Craniate, b\* 
11pits cunuulus, 608, Y>\ 
liana 819 

(y‘tic li&suti* Mammalia, 889 


l) 

I>A( 1 26l 
Daotyloptindir Xu) 

Daptdum 241 
Ihtpfdium polximn 284 
Dawpodida '>*4 0 - 0 * fi-7 

11-8 G2lj 

Danraodoidea. o- 1 
l)(is\pus mu imtu 624 , 627 , 
828, 881 

llasyuiida s, ■>H Gyi 
J)a<\nru s s'- S 14 689 
'hi'.utru Muunius 588 
Daubivloniu bit ( hn0111 \s 
Decidua l ipit anm ulus ,17 
Decidinte pin t nti CSS* 

Du r See Cervoidea 
Dam— Su Din- 
DPphimda ■>& 1 
Jhltatnmda 5p> 
Dtlluthcndum 5 41 668,0,7 
Jhltathmdiaw pteti Uni tint 
laic 544 , Os 1 
Delta theroidea, s 11 
Deltoid muscle Him, 817 
l)c Itoid ndm hpu cum ulu 

4»)S 

Jhndtohvax (114 814 

])tH(holt1 h U'> 

D« vital iormula ( anultr Go-, 
Da \\mdti osq Didclphv 
Gsj J ifitii '* 0(1 ! ihdti 

Hmcoidea,<K», Ma 
lYOpus UummaliE, 

05b* ihmthoihwithiu* 525 
Pinnipedia, <0, Rodentia, 
065 buida Go 1 L1 udtc, 

Ghs 

Dental gioo\ l Mammalia, < v» 
861 

Dcntilliimiid Mammalia, oy> 
661 

Dental papilla Su loath 
papilla 


Dental sat, Mammalia 051 
Dentary, Actpcnso, 872 : 
4 ptny v mavtilh 472 : Avea, 
4316 : itony skull 75 : 

(olumbahi 1 a 484, \ >0 442 : 
Oramata, 7b* ( yno^nathus 

888: JHmtlrodou 381 j)i 
ploptcta\ haitli 287 : Hvlo- 
ptvihim fleimn^i 288 : / a- 
mta 861, 4<»2 Iiptulfpi i 
bionm 257 OstevlepismaiK,- 
lepidolus 288: PalaouiMH 

mauopoinus 227: Hava 
fit. 412 Salmo Jano 21(1 
241, 241 244: S e\mno 
whit'* 888: J topidotwtii* 
natn\ 408 

Dent in il tubules nf placoul 
scale 84 

Dentine Oramata, '***, 88: 
Mammalia, 660, 661 

Dentine forming layer Mam¬ 
malia, G<ji> 

Dentition Sec lulli 
Dtprtssoi muscles liana 4 TO 
Duinal defence Holoeephali, 
218 

Dcimal denlules, ( mtrophoiu s 
minus 199: Ohondnch- 
thyefl, i«u Holoeephali, 

-17 famn/na *piHow 183 
Dtiinal Jm 1 lyv- Set Cuato 
tuchii im rays 
Dmml tin spim, see 1111 
spine 

De im il 1 h iny 1 ly Sil ten 
tot 11 ( 111 ! 

[)e rm 11 p ipill 1 Mammalia, 885 
Duinal plate Diplat a 11 thus, 

155 

Ihimatoihtly 40- 
Dermis Amphiouts 4.* 58 : 
Oramata, 88 : 1Iohw, 684 : 
Mammalia, 634 
Dermoptera, v si 
Derinopti tout Pair wi (u 
macropamns 227 
1 >e 1 uuisphc untie Diploptt rc \ 
trailh 287: llohpt\chm& 
fit win t 288 : Jrp'ohpis 
tu mm 267 : Osttolcpis 

wnnoltpidtin 288 : PoIcpo- 
m l us manopomm 227 
1 H luiiemdtous Urodela, 440 
I )i sinn malhous p tl lie Aves, 
17 - 

Deamoatylitormei, ui 1 
Ihsmostylus 611 
Development, 4 lhgatoi, 417 : 
Amphibia, 152 Amph\o\us, 
s* 58 ; Aamdiaoea, 2 S, 2 ^ 
Avea, 17 ^ JJalaaoglassu s ( 
0 : (rphaludi tvs, 10 

Ohondnchthyea, 20S c la 
mlhna t 80, 81: Oramata, 

1 2 Doliolwn, \, En- 
teropneuata, / / ptreiato- 


dus foistm soi, 808 : 

] ptahetus stouix 151 HcdO* 
cephali, 221 Lepus cum- 
tutus, 5 u> Mammalia,G 7 <) 
Pihomv~on 144 Pwowma 
SS liana, 320 880 , 881 : 
Beptilia, 4*7 balmo tar to, 
268 , *54 balha 87 : Tad¬ 
pole , 881 : Teleoitei, 282 
Jtygan 21s 

Dei emian Aoanihodii, 1 S * 
Aotmopterygu, 225 Ag- 
natba, 12s Amphibia, 
Anaipida, j si Antiaxehi, 
iGs Arthzodira, iso 
Oho&mohthyea, 285 Di- 
noeusti, 2 go, 201 , 204 
Palmoapondylia, 1G0 Fota- 
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don horhmus 382 : lutyh 
don longtnus 610: Jit pi 
donotus nahiv 403 : Uro- 
dela, )ti 

T 10 m il stgimnl Cramata, 7 ()* 

I rontal sinus llaim 675: 

Mammalia, 071 
liontal suture I at eit 1 iho 
! cpits mmailtt 414 

II ontop met il Pi Ut pU 1 u 

806 * hana 809,811, w* 818 

I uluform process, Salma fan 

51 262 

i ultra (rmunis 271 Ghn- 

glymodi, *45 I if id )stt n 

ptatystomus 288 
1 ulmais See I ubnaius 
rulmatus 4(1 

furcula Ivchtpaniis sit nun 1 
464 ( aruniter 474 

Lohtnibalvui 488,417 44 1 
441 : Platxctrtus 474 
Pi ciUana 470 : It alette 

, 7 , Stii'ida | 7 \ 


<1 1 non mojibhi 4 260 , -.1 i m 7 
(ralagtna * 557 
Calago *»57 

(rulagoides, 557 

OaleoUea, 170 

C aleopithi date - Sc e ( y no- 

tephaltdtr 


(mUopithecxes- bcc (ynoceph 
alus 

itaUoplerus, 451 
Caleus t 177 

Gall bladder Am, 477 Cfiam- 
ata, 07, H 4 * Dog fish, f 84 
186 : l acerta , 80S, 887 , 
888 : / epidosteus, 278 : 

J tpie cuntculu* 60S, 504 
Mammalia, 809: Rana 
SIB : s almo fano 248, 249 
Qalliformei, 401 
Calhna 4 c 1 
Callus 4 b 1 470, 477 
Callus bankua, 477, 480, 481, 
482 

(langlia—Set Nervc-ganglu 
t jftnglion habcnul r Pt fro 

wyon T 40 142: Petio 

wiyAim munnits 141 
Ganglion impir F tpus cum 
tnlus 514 
Uannels See S ula 
Ganoids (-> 22 ^ 271 

270 78 -So 8 

Ganoid sc tits hi 271 * 

J uryuutus nniaties, 66 : 

Oinglymodi, -14 hpid> 

situs *71 Polxfteni 2 71 

(, uioiiu itvn of guioid stale 

66 

C* lie f ml Sir Pnigmnits 1111 
ft mn 

(.ir hslus .-,S 02 

fi Lr piki Su J ipidastcu 
Gisscmn gin ha, Oramata, 
102, 10 * Dog hsh 1 j2 
Ca Itio ttus Ci .8> 
at 11111 477 

Gistric ntcry Dog fish 188 
/ ipu tunic ulus 608 

Jiana 821 

(ristn ghiiiD Cramata, s * 
(fistni juice Cramata, s * 

( 1 . tn vvpis nerve Dot, fish 
i M 

(fistnc vim Tepus cununlu 
503 . Jiana t 822 
C> isi iom ntrous vertebr 1 887 
I > isti 01 m mius must It hana 
lio 317 

(ristrixuiinioiis pons Enter- 
opnenita, 1 

Gastiohepatu onicntum 
/ acuta 3 OC 1 

Gistiuld } m phi 0 xu s* 

Aseidioea, 29 t lai rlhna 80: 
Cramata, Pctiomy^on 

146 

(iin ter 409 
GjlviiI {cu 424 
Gecko 488 497 W* 419 4^3 
t»eese—Sn Inscr 
Ciwuendma 167 i(iS 
Ccmumdina stwt-i 109, 170 
Ge nu ulate bo^\^ —See t orpu 1 
genu ulatuni 
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(.cn« uUtc ganglion, Oramata, 
108 . * 4 * 

GemohyoglossUs muscle Itptn 
curttculu*, 497 

Geniohyoid muscle, liana 817 
Genital aperture Cnniata, <>** 
Genital artery, / acetia, 36 K 
Genital pores Oramata, 118 
Pstpomyon, 114 s almo 
fano 25^ 

Genital ridges, llalanoglossus, 

2, 4* 

Genital sinus Dogfish, 185. 
1&4 

Genital wing Pfyckodtta 
bahaw&nsts, 5 

( enu I epus runtrulu*, 510 
* Geographical distribut ion Si r 
Distribution geographic il 
Geological distil tuition S11 
Distnbution rc ologic at 
Geomyoidea, (ur 
(,eorhychus, 6211 
(si jsatttu* 

iieotna 114 11« 1,1 
Gcphyioceual tail liputo 
si fen 290 

Gu initial disc Aves, 479 
( honrti ichth\ ls, .07 Sahm 
fano 254 

Giramnl epithelium Homo 


Gcinunal layers hum 880 
Gtslition penod 1 £ pus emit 
iulus 510 

Gunt fibics Unphmit s«> 
Giant Goose Sec ( mnnonns 
Gnnt nci\e cells imphivxu 
50 

Glint Kul Sue Iton 1 
Gi nit Silun wider S t< J\ft*r 
lobatuichus 

Gibbons See If) lot atts 
Gill eh imlnr Sc t Bianc hi il 
eh iinUi 

(■ill tovci Su Of (iiuhim 
GilMiIament Set ihanthiil 
hi inn nls 

toll pints -Set ih mchidl hla 
rntnts 

t .ill pout lies —Sc 1 Tir im hi xl 

1 touches 

Gill t ikers -Stc Hianeluil luds 
Gill lodb—S* ( Hrinchnl rods 
(•ill sac — Set Bnmhial 
pouches 

Gill ilits Set Urmtlin.1 ipti 
tures 

Gills -see Bran due 
Ginglymodt, .20 2 >j* . v, 
Gir.dlc bo- 
tjirsfeiiea,, hoi 002 
Girdle bone —Set sphmtth 
moul 

Giznrd Aves, J77 ( olumha 

liv\a 448 : Golumbiformei, 
477 Hawks 4/7 lai ida, 

vol. n. 


177 Piou liana, 477 

Strict |77 

(viands CnuiiM, (>3 See also 
Ductless J pidennal.Gastnc, 
Iiardinan Intestinal J x 
thrymol lymphatic Main 
niary Mucous Kasai Ni ural 
Pdrotn, Parotoid, Ptimial 
Prostate Hectol, bdiv&iy 
Sebaceous Sublingual Sub 
maxillary Thymus lhyioid 
(vlans Mammalia, 077 
(denoid cavity dptnyi man 
tflh 475 : Carnivora, 577 
( otumia Ima 488, U 7 411: 
Din 01 nit hula 475 I amta 
858. V>> It pm tunuuhis 

40 / Xetatheruu s w Onu 
thoihwchu'i 527 : liana 
814: Satamaudui 840 : 

Iftrapod 80 

Glenoid fossa I ipus turn cuius 

m 

Git mud suit ue Ictiapod Si* 
Globe hsh, -hi -.71 -/o 
(wlohi icephalus 582 
(ilobiouphalli \ meta s 588 
Glomerulus imphxowts 48 : 
Oramata, 118 * : Enterop- 
neusta, 0* Myxinoidea, 

i)i liana 324 
Glossopli ir\ 114c il ner\ 1 I mm 
talia 108 : Oramata, jo -,* 
Dog hsh 190 , 192 , iq | 

1 pun itodu Jv hit 800 : 
Man pitaluhtlw lapkti 
dolabi 187 

l vluisophorviige al nt r\ t foi a 
inui dptin \ mantel* t 
478 : Do* hsh 180 . i*i 
I tpu in Hindus 405 
Glottis Mltzatn 411 : (ohm 
lah m 442 , \u Oramata, 
67 . 1 m\ tmofaa 411 : 

/ pun it d t ( sti 1 1 -qfc 
1 lsln s 87 : t tltdlei 47 c 
\ft nt/01 mdtcits 411 . hunt 

818 , do 

GUeoicn Sj* 

(thphnphjl t lyuo lo u 

269 

(#/i pio Ion 1 * 1 
(j/\ptodon clat 1 pi 884 
(thptadonlidrr ( j. 
Glyptodontoidea, i» 1 
(Avptohpis *87 
(rl) ptoportllls 0S7 

Gnathoitomata, 104 i v * '>>> 
Goals Sec Bovoidea 
Gobies Sc e Gobiomorphi 
Gobiomorphi, 201 

(vobbet cells (14 
(vobbn shark Sci S tapanoi 
hy fichus 

Golden Molt Sec ( hry sochlon s 
tnvtlyam 
(voldftsh 261 
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(founds, lutpkunus 41, 44 . 
48. )i 1 scf«/vif 14 : Om- 
niata, 87. ir 8 , 121 * Dug 
hsh, 196 : 1 lshes, 88 : 

Ifyvitf#, 151 Vttvomywn 
144 Salmo fano, 253 
Cinioaiict, isculta, 14,10 
OonorhyncboldM, 2*8 

(jophns—Ste laOMidM 

(loulla, 684,865 
(ioura, 

Giaaiian follicles Dog fisli, 
U)) Homo. 079 : 1 tpu* 
(unuulus 510 
(>77 h;q 080 

GidiiuUi liyeis of cyr, 

Cruuata, 118 

Granule cells f * 

(.railing - ,b 

Grays Wlialt Sec (o h m 
gfavi 

Gieat Vuk Set Pengutnu s 
impennis 

(mat Blut Shark See ( hi 

i havodofi 

(/reit longitudinal lissun 
(unis 072 : J (pits cum 
mins 510 

Grc at omentum < olumha In in , 
M s 

GitaL ophthalmic artei v Do< 
hsh 188 

(irebts—Sec Viduiprs 
(.ncnlind Right V/liali Stc 
halana mstintus 
(rrccnland slnrk Stc So»i 

(.ny mitt li Oramata. 98* 

Gk y \\ h tie Su hachiunuh 
Gitmvi of Hatsrhek Stc 
ililst htk giooet 
(.roust Ste I iha > 

lilU ( |( i 

(.ntidet pa 
Gut n/as Sec tolohus 
(.unit i lowl See \umida 
Giumipig^ See Hutneo*- 
moipha 

(.uitai hslics 177 
(ml 11 s CroMopterygu, 888 : 
Ihploptefax UailU 887: 

I lomchthy s, 868 : Holop 
iyihuts flimivgi 288 : Ostto 
h pi s niact oh tndotub , 288 : 
Polyptermi, - >4 
Gullit (olumha Uua 441 
442 : Oramata, 82* Dog 
hsh 196: Mywnt gluhnosa 
150 PebomMon 138 140 
rtiiomv on mannus 108 ; 
liana 818 : Sa/mr) Jario 
*> 47 , 248 

Gulls- beeG tuiee J and a 
Gurnards 261 
Gut -bfe Alimentary canal 
Gymnarckui, 258 2*14 
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g ym nophtont , 341 . 34*. 

344 * 34 s * 310 , 15 h 15 A 353 , 
354 

Gymnura, 545 
GypaHus, 407 
{^rearo/Auto, 150 

Gyracanthus, 154 


H 


II \ULNUI AH COMMIbbITRF 

/ acerta, 878 : Rana, 880 
Habenular ganglion, Mam¬ 
malia, 078 

Hacinun corpuscle, 4nas, 110 
Haddock, 261 267 
H<emal aich CramkU, 07, 70* 
Dogfish, 178 : Iptctralodus 
jmstm 295 Palaospon- 
dylus gunni 171 : Pleuta- 
canthus dechem 175 : 6almo 
Jano , 888 

Haemal canal, Craniate, 6 b 
87, 69 * Dog h&b 178 
Haemal groove, A 1 atropetal- 
1 ckihy s rapht xdolabi s 187 
Hamal ndgc f Chimata tnons 
trosa 818 : Craniate, 88 , 88 * 
Haemal spine, Dog fish, 178 : 
} pu eratodus for sin 1 , 295 
Palaospondylus eunm 171 
Salma fa no 888 , 840, 848 
Hatnal tube Craniate, 88 

IlLm.il ryLapophws Sulmo 
far 10 888 , 840 
Hags, in 14 b 
Hair Cetacea, 035 If two 

884 : Mammalia, 011 . 884, 
689 : Imuii Gv» 

Hiir buIbMfljnmalia, 685 
Hair follicle MiaunfiBL ii,^ 
684,885 

Hair germ, Mammalia, 884, 

885 

Hair pipilla, Mammalia, 884 
Hake 261 
Hall beak, 262 
Halicoit See Dugong 
HUlux Carnivora, 579 
( olumba hvta, 488, 427 
Lemnroidea, 580 Primates, 
566 JTcti&pod, 81 *, 

Halm a tut us 687 
Ualmatums ualabatus S33 588 
Hamnuihead Sharks Sec 
S pkyrna /ygeetta 
Hand See Manus 
Hipale- See (allithtx 
Hapahda 554 560 
Haplomi, 238 
Hard dentine, 82 * 

Hardman gland Iaccrta , 571 
Mammalia, 675 
Hard palate 1 epus cumculus, 

5 OI Mftmwhft 6 (g) 

Hamotta, 214, 815 , 217 


Hamotta rahigkama, 818 
Hat vest Molise—See Mu\ 

mi nut us 

Hatsthok'a groove, imphiotu*, 
42 *. 50 

Hatschek's aephndium, Am- 
ptooiu&, 88* 
ft after ta, >88,411 
Hawks 477 

Head Uantkodes 157 : Crani¬ 
ate, 60 , 67 : Lepwicunteulw, 

500 

Hoad fold, AVigaUn 417 
Head process. Atm. 4Hi 
Mammalia, 682 
Head tract— See C ephahe 

pteryla 

organ of -See Lar 
Heart, Amphibia, 98 ,348 4 fi- 
pendiuidana , 88, 26* 1 sctdta 
16 , 17* 19 : A sadta com 
posit# 28 : Asudun larva, 
84 : Aves, 446 , 484 : Balarto 
gfossus, 8: Ohondnohthyes, 

2u5 Lclumba Jtita, 446 , 

447: <rotodilu\ 93, 414: 
Diimeaiti,- 9 o Dogfish iHtj 
187 : Doholum 84, 85, 88 *: 
Rnteropnenita, 6 l putt 
alodu\ forsten aob 899 
I ishc s S8* G alius hanku a 
481: Ganoids, 280 Gin- 
dymodi, 233 Holooepliah, 
220 1 acuta 886 , 418 : 

Irpus, 888, 886 : I epus 
runtrulus 504: Mammalia, 
670 M\xme glutwow 
150: Protospondyli, 215 
Rana 380, 821, 882, 880 : 
Beptilxa, 413 Salamandm 
848 : S alamandia maculosa, 
850 : S alnto fat 10 2 pj 

S tlpa 85 ’ balpa dtmo 
natica 84 Teleoatei, -so 
lurtlc 418 

Iltdgrhogs See 1 unacadu 
It mace us (,yinnuta 

Hif,Ktothrrndcr 571 
Hthchthw 230 
liehchthy \ tle b ans 880 
Jlehotnifhuft 461 
Helodtrma 410 
Htloderttndu 423 
Hennbnnth fishes 87 * 
Hemiehorda, +*-12 
Hemit\clasp i\ 129 
Hemnyclasfiis tnuttht am, 107 
Hcmilietrroccnil tail, Ghn- 
glymodi, -h 
Hcmimyana 20 * 

Iletniuxlhum 17 b 191 
Hemugalago Si 7 
Henncosbotnitd# 571 
Hepatic artciy Dog fish 188 : 
l ubes, 88,92* l acerta 867 : 
Tepus cumculus, 508 : liana, 


Hepatic Mm -See Laver 
Hepatic ducts, Craniate, 84*. 
®5 : I ep*dostem, 878 : 

l rpus cumculus, 508 , 501 
Rana, 818 

Hectic portal system Chord- 
ate, 40* Dog-fish, 189 
Zisbes, 92* I avert*, 370 
Jepus runtcultis 508 6a/c- 

mandra maculosa 850 
Hepatic portal vein 4 mphi 
oxus, 47 * : Dog fish 185 , 
188 , 189 Iishes, 88, 90 , 
0 i* 1 acerta 887 , 370 
It pus cumculus 508, 50b 
Ran*, 888, 3^3 884 
Hepatic sinus, Dog fisli, 188 , 
189 

Hepatic vein Amphibia, 349 
Amphioxus, 47 : < olumba 
Ima 447,44b 1 piceratodus 
fotsftrt, 500 li&hes, 88 , 
BO: 1 acerta, 368 1 tpu\ 

Lunicnlus 507 , 50b Rana 
888, 3 - 21 884 : S alumandra 
maculosa 850 

Hiptranchtas, 176 199 *01, 

808 

Hcrm iphrodit ism ( hryso- 
phiys, Craniate, 122 
Afyuur 151 S manus 282 
Teleostei, 282 
Herodmcs, 461 
Heron—Sic hdea 
Ilermpodcs—Srr J uimada 
Iletpeste , 084 
Herrings, 25 S 

Hisperomis 455 470 47* 477 
Hespeiomi n^al is 458 

Hespararmthironnes, 4 S 5 
Hctcrouical till Aoanthodll, 
154 Chondnchthyes, 198 
Chondrostei, -31 Colo- 

lepida, 133 Dogfish i”b 
Holocepludl, a .17 Palao 
ypondylm gunni 170 
Pleuropterygn, 17 \ Vtmch 
thyodis Teleofftei, 271 
Htttrcx aJous \erttbm Avefl, 
4<»9 < olumba Una, 432 
HctnndontidtP 177 
lleteiodontus galeaitis 808 
Heteromi, 265 
Heterosomate, 261 
Uetcrosteui 192,188 
Heterostram, T 23 120 1 *jt 
I hit rot 1 s 284 

Ucvantnu s 17b 199 201 202 
llilus of kidney J epus cum 
cuius, si 4 

Hindbrain Ulu,ator, 417 : 
Chrondnohthyefl, 200 

Craniate, 97*. 88: Gallus 
bankua 481 : I epus, 888 : 
/ epus cum cuius, 513 

Rana, 880 
Hind foot—See Pes 
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Hind-gut—See Proctodeum 
aiM-kMUey— See Metane- 

stazoe 

Hnd limb, Apteryx owem, t 
477 ! km, 47*' Colombo 
Aim, 4 * 7 , 438 . 4M: Oallm 

batUttva, 111! Lactria, 165 : 
Hcma, 3 x 6 

lltp-girdle See Pectoral girdle 
Hippanon, J 9 i. 595 
Htpptdium, 593, 595 
Hippocampal commissure, 
Imerta, 371 , ITS: Mammalia, 
673 Pctrogale fientullaia, 
878 : /to**, 3*5. 886 : Rep- 

tilUL 4 XJ 7*f/»y^\sir. 

' acufcafar, 878 
Hippocampal sulcus, f epus 
cumoulus, 512 

Hippocampus, 8fi0, 261 , 20 b, 
2«3 

Hippocampus, ! acerta , 171 
1 epu& cunu ulus, 511 : Mam¬ 
malia, 072 , 673 . Reptilia, 
414 

fhppupotanudft, 600 
Hippopotamus, 640, O 92 
i/i^o^/*iwws ampkUnus, 603 
Hippotig*is t vi5 
Ihrundimdec, p >2 
Hlatri co mo rpha, f*2o 02 1 
Hodtrin— See (Jpis/Awonii/* 
//a*//! pis, 189 

Unlobustic segmentation, 
Ganoids, 284 Mammalia, 

l>Si 

llolubrandi Fishes 89 * 
Holooephali, 74 . !■>=. J 7 b -■ \ 

/fCl/o/>/V child#, 287 
Holoptychius, 287 
Holoptvchtu » flemmgi, 888 

Hntoitei, 229 *, * 3 * 

Holobt\hc jaw suspension, 

Ormniata, 74* Holooephali, 
2T9 

tfovKAtorfoti <h>o 
HomatodothiniUer, 571 
//onzafodoMsmtiff 671 

Itomtmdir, 559 

Homo . 94, 111, 5*9. 3&o. 581, 
502 , 686 , 506.884,848,060, 
868 , 675, 878, 679 
Homocrual tail, Protospondyli, 
255 s altno fano, 238 , 240 
Teleoetei, 271 

Hoiuodont dentition, T ageno- 
rhynchus, 668: Mammalia, 
668 

Homogala 1 , 690 
Homosteidu, 15 ^ ib 2 
Homosteui, 162 
Homosteua ndlUn , 162 
Hoofs, Mammalia, hi* Hn* 
gulata, 691 

Uooklet of feathers, 488 
Hoopoes—See Upuptda 


Horizontal canals of ganoid 
scales, 86 

HombiUs —Sec Bucnotider 
Homs, Mammalia, 635 Pecora, 
O 91 

Horse—Sec hquu* cabattus, 

FeriisodactyU 

"House/" bntiUana, 22 . 
Xowalevshia, 22 OthopU m a , 

88 * 

Howlers—See Alouatta 
Huanaco—bee Auchema 
Humeial ptervla, t olumba 
iivia, 488, 461: (.; pattu s, 

467 

Humerus, Arthtsanii* sumeiisi, 
464 : C et acea, 5 «<> Chiro- 
ptera, 552 - < t&tudo liitaua , 
401: t olumba Inna, 487 : 
f rocodilu , 809 : / de to 

sauvus, 889 : Ulobiocephatus 
melas, 688 : Halmaturu s 
ttflto&o/M?, 538 : Insectivora, 
540 1 acerta, 365 , jt»| 

1 epus cumrulu s, 49 b 

Ortii/AojJrjHcAtfi, 687 : 

Phot cni a comm uni >, 685 
Pinnipedia, 5 bi Primates, 
163 3 J < ototkena , 5 30 /famr. 
809, 814: •S/ritffct&m, 899, 
30 b Mriii* iw/som, 475: 
Vatyff 649: Till apod, 79 * 
80 : Xenarthra, A-j 
Humming finds Set lioihil 

idiT 

ILumpbdt k Sec Mcgapuia 
llyanidct, 571 57s 
H y/i nodon, 676 
Uy&nodontxdre, 577 
UybodontidtP iy\, tj-) 
Hydrocharus, (110 680 
Hy&rodamah s, (>iu 
Ilydiopotc s i»u- 
Hyla, M i. d 7 
ilylohatfb, 559 >Aw 
Hyoglossus muscle, 7t\ i/u, 817 
Hyoid, Aapenset, 872 : Aves, 
474 ( otombii in 1*1 486: 

Cramata, 71. 7 8 * D(, fi iJsh 
218: Holooephali, aig 

lacerta , 303 , 867 : /t/ws 
cunnulus, 497 Mammalia, 
in 1 i’Aofrtfiitf romwM»is, 
585 : /*#lic/£. . 474 /’/nto- 

/A# ms, 806 : /ton*, 809, 

{jo, 811, 3 x 2 , 818: 
wfar, 846 : SphenoUart, 899 
Hyoid arch, Acanthodu, 157 
Ohondxiohthyas, ao 2 Cram¬ 
ata, 7 J* Dog-fish 1*1 
b pice* atodus farsten , 896, 
297 * Callus banhwa , 481: 
Hypnarce , 202 : Petaliohthy- 
ida, 165 . BepUlia, 4 ^ 

1 1 1 ffonorAui*, 202 Urodala, 
3 34 . Urolophus, 901 
llyoid bar—See Styloid procew. 


Hyoid, body of, / acurfa, 187 
Hyoid cornu, icipenser, 878: 
Columba Ima , 488 : test¬ 
ate, 73 *: f awrfo, 3 H 867 : 
/2mm. 808, 811: Salmo 
solar, 816 

Hyoid operculum, (limahus 
iet\culatus, 166 

Hyoid vein. Mat ropetahththys 
rapheidolabis, 107 
Uymdean uatcry, Dog-fish, 107 , 
188: Ipios* atodus fonten, 
889: Salmo fano, 249 
Hyoide&n ueivo, Craniata, 108, 

104 * 

Ilynidean sinus Dog fish, 188 
llyonuudil mlar 4 ctpenser, 

878 : Bony-skull, 75 : Car- 
UlaginouB skull, 78: ( him- 
at a moil tiosa, 8 U: 

IHiimiW uhthwn. mki, 2ol 

OmdAta, 71*. 7 s * ^8 

180, ibz I puiralodwt for- 
s ,tm, 297 Holooephali, *19 
Hypotromata, 170 Pulao- 
ipondylhu jmitn, 171: 
Pleuracatilhui drehent, 175: 
Pleorotrem&ta, 170 - Piotew, 
aneutnus, Ml: balmo fano, 
241, ^ 3 , 844: Salmo s alai, 
845 : Urodala, 341 - l7lu 
tophus , 801 

Ilyoniandibuldr fdual nerve, 
A ima i ah a, 108 * Craniata, 
io 2 io| Dog-fish, 198, 
193 

Il>opJastiou, Chdonia, 102 
(t studo lutana , 401 
H\opsodontid<F t 507 
ft\opAodus l 608, 5O7 
Hvosiyhc jaw sus^iension 
Chondrichthyes, 201 Cram¬ 
ata, 74* 

Iiy papophybcs, Ave«, | 6 q 
( olumba hvta, 455 / aierta 

868 : l epus cuuialus, 490 

Beptilia, 30&. 499 
Hypwartix—Sec Petromyaontia 
llyperdactyty. Cetacea, 56 ^ 
llyperhippidium , 593, 595 
Hypeiodapcdon, {83 
Hypmodon, 584 
Hyperotreti—See Myxmoidea 
Hypetphalangy, Cetacea, 688 , 
5* 

liy pvarce , 20 - 204 
flvpobdtic tail. Flying fishes 
203 

Hypobranchiol, Acanthodes, 
167: I ri pettier, 878 : Bony- 
skull, 76: Cartilaginous 
skull, 78: Craniata, 74: Bog¬ 
ush, 188 : Salmo fano , 844 
Hypocercal tail, Anma^A a t 
130 * Pteraipidomorphi. t {1 
Hypocone, ntm-MHi, 854 * 

589 
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Hvp<xonid Oaadvut. Ml: 

Hypoconulid WMiinJti, 65 . 4 * 
Hypoglossal ner\e Oraaiata, 
105 * l acnta 372 PaH* 
m 3 row, 142: Rang 323 
Sfl/wio fano 250 
Hypoglossal nenc foramen 
1 ptcryx manUlh 472 :1 tpus 
funiculus 405 
U\pok\ppus 593 394 
Hypohyal Acanlhoth 157 : 
Jton\ skull 75 : C utiligin 
ous skull 72 : Cramata, 7 ?* 
Salmo farw -4 3 244: 

Salmo solar 245 
Il\poibtluum l aenta 284, 
365 S phenodon 408 
Hypophysial foiuncn It an 
thodes 156 

Hypophysis cm bn Set 
1 ’ituitirv body 
Uypoplaslion Chaloma, 402 
Listudo lutana 401 
Hypotmoata, 175 > 7 h *77 
igS 2U 

Hyf>s\lophodon 390 
llypsiptynmw* tuff suns 680 
Hvpsodont teeth Equouka, 
501 Mammalia, 037 * 
Fftrissodaotyla, iSg 
Hy racks idtc 59 O 
Uvrachyns 389 590 
HwaudiP See. Piocaiurla 
Hyrarodontidtp 5 j<* 
Hyr&ooidea, 51** <n -5 wm 
Ilyracotheuum 680, »M 

592, 593 50 1 
llwaji Sti Pm niff 


I 


Jills \t I 

hkthsomy on i -|8 1 ^ 1 
Ichthvophis &latino a 845, 252 
Ichthyopterygia, 177 jso 7 

421 

Ichthyornis 45(1 377 
Ichthyornis 1 utnr 455 
Iehthyormthilormei, 1 it p»> 
Ichthyosauri* Sec Ichthyop¬ 
terygia 

Ichthyosaurus 286 
Tchthyosttja 224 
Ichthyortegalia. 44 - 1,4 
Icht hyptomi, is-*, 17 ) 

Iguanas jbs 4 ml 42 > 
iguanodon, 391 

Iguattodcm bermssailtn 1 281 

/ guanodon mantelli 281 
Ileum ( olumba lu to 442,411 
7 aeerta, 287 

Iliac artiry t olumba Una, 
447: Cramata, 98; Hog h h 
188, 189 I ifahos, 89: 


I acerta 368 ' T epus cum 
cuius, 502, 50 O, 507 : Rana 4 

221, 224 

Iliac process, Chondrichthyes, 

204 

Iliac region Tetrapod 81 * 
xliu vun, Amphib i a , uo 
Columba hvia 447 . 448 
l picciatodm forsteti 300 
1 ishts 80, 92 * 1 epus turn 

cuius 306 507, 508 S ala 

mauds a matulosa 850 
Iliolumbar \tw I epus cum 
cuius 507, ->o 8 

Ilium ATM, 47 O llhgatoi 
400 : Ipteiyv australis 470 : 
( istiulo lutana Ml: C olunt! a 
hvia 482, 428: Dasypus 
H\t nutus 681: (muMus ban 

kit a 477: HalmuUum nala 
batus 588: Homo 
1 rpus cumculus 488, 40 Q 
Mammalia, <>4 3 Metathana, 
340 Pinnipedia, 5 S 1 
I'ltsnsamm 285: Primates, 
y ■» liana 809, 214, V 5 
218 : S alamandta 846 : 
''pht nodon 899 : lelnpod, 
80, 81 * Urodela, ur 
Impennes, 401 pi) j/i 
I nline guration Amphibia, >5- 
Asoidiaeea, 8 Ayes, 47 c > 
Ohondnehthjei, >7 t tl 
lonba Itna 43 * Entero 
pneuita, 7 Repblia, 411 
Salma jnn 2,4 Sunni 
sits -07 Teleostei, -s. 

/iUK -S« 

Inusor Ihphas 650 1 /tut 

652: Homo 050: J tpu 
cumculus 485, 501 Mam¬ 
malia, < 154 * Omithoikui 
thus so IHiloc ficus lou .11 
548 

Incubation ( olumba hdi t 412 
incus Cramata, itH* 77 mi 
676; / epu (utiiculus 407 

Mammalia , 070 

Indian I lcpliant See Ilcpha 

ma\ unit* 

I in Inn Khinoecios - See 
hhuioctr s induus 
Jndn 537 
ludtisina 337 

lnlenni eunnnissuK Sabi 0 
fain 251 

Infc rotate 1 il plate (or cost cu 
decipims 161 

Infraorbital Pulaomscus mat 
wpomus 287 

Infraorbital tollmen Cams 
fanuhaiis 578: Itpuscum 
cuius 498, 4 J 3 Ormlht 
1 hynchus 527 : lutylodon 
longanus, 512, 320 
Infraorbital glands, / epus cunt 
cuius , 501 


Infraorbital ndge, Dog-fish, x 8 f 
Infraorbital sensory canal, I p%- 
^etahehthy s u tldungensts, 


Infrastapedml, (olumba hvia, 

427 

Infundibulum A mphtorus, 

49* Ohondnehthyes, 206 
C olumba Ima 442, 460 : 
Oran lata, 96, 90 * Dog fish, 
191 tpiaratodus forsten 
301 I acuta 870, 371 , *»: 
! epus cumculus 309 512, 
31 3 Petromyxoti 142 : 
Pitiom\ 4 .on tnannus 141 . 
hatui 820 S almofano 1 jq 
250 


ln^uin il canal I«pus cumculus 

313 Mammalia, <>77 
Inuda 
Imomi, .3^ 

Tnnonunilr \ptny\ ausUahs 
470 . ( j/nmba Una 488 : 
(,alius l anki a 477 ; 7 1 iceita 

40 4 / tpus cumculus 488 a 

Mammalia, (>4 i 

Innonun iff irte 1 \ (c lumba 

Una 447, Dogfish 

J^7 188. 1 tpu cumtulu 
5 o< 507 Mamma lia , 070 
Inseiiptio tendim 1 liana 11 C 1 
217 

Insectiyora, sib 1 ^ 

240,640 

Integument Inomalui it i 4-, 

Ghondnehthyes, 11 1 Da \ 

fjfidci b 45 / Up has ( n 

Mammalia, 633 A/«i#i 


< >5 

Intnathnud r 3/1 
lute 1 brineluil sept 1 Cramata, 
S3* 86: Do* Mi 1S0 
Intfinliry c utilises In 

pnisn mthenus 221 ' ( him 

tna unnsti sa 218 ' Chon- 
dnehthyea, 110 Doj* fish 
179, 180 . PI iu at anthus 
duhtm 175 
intcreentrum See 
l>hy sis 

InteieliMde See 1 411 st c rim in 
lntireluuulLr -ur sit Avm, 
445 : ( olumba Una 444 
lute reostal arteries 7 aenta 
30 S I tpus tunuulus 500 
Intercostal vem I tpus tun 
cuius, 50 O 507 
Interdorsal plitis See Intri 
i ilary cartilages 
Iuttrgulu plitis 4m ta 268 : 

Crossopterygu, 208 

Interliy U Inpcnsei 272 . 

Salmojauo 244 244,245 
Intcrlateral 11 I itc Lnnutndiua 
starLt 170 

Intpimediitc ubs OinUho 
rhynthus , 527 
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Inioimedium, t'rovodilm, 410 : 

Dicynodontia, 384 : Ctorgon- 
n yp*, 884 : lecrrta 864 : 
Priyooninttt 884 : \pktm 

dan , 408 : letrapod 8 o* t 8 t* 
Intermuscular nb, flwnlih, 
67 : Wwo fano , 888* 

Int tniftl bf am hial apertai t s 
- See Biam lual apei ture 
Internal carotid arteiy See 
t irotid artincs 
Inti inal cavities (Juniata, <»\ 
Internal gill 1 * See lb am hi 1 
J nil rail narcs Amphibia, ^->1 
Ana* bouha* 478: Croco¬ 
dilian 40 ? ( rot od tins 407 : 

1 picnatodus Jorstni 29 -, 
886 : hlobioicphaltis 688 : 
Jrhthyopkis tfuhnasa 845 : 
Tchthyosteja 884: I aurtn 
861, ? 6 i 868 : 1 ipu cum 
cuius yji 1 oxodonta apt 
tan a 604 : Osholepis mauo 
Upidoiu* 285 Itanu 818, 

S alamantlia aha 845. 
/ ropidonotit natt n 408 
Internal tvmpimfoiin mem 
liruir C olumba It 11 n l 
Intern is il nlitr PuUu an 
h mt iic? 844 . Malaniandtit 

aha 845 

InUiTiLUiil plite See Inter 
1 iilii> c utilises 
Inti rii|N t 11 I 11 / punatahi 

fm stui 295, 07 J rpto 

It pis bi mn 257 • Sahiw 
fano 287, 241, - 11 
lntt 101 lut il re g&on Cramata, 

71* 

lntiiorbital septum Aver, 471 
( hinuna monstrosa 218 : 
i ohtinbihvta 484, \Si 442: 
Crooodilia, 407 1 my s ew 0 

pea 405: Heuooephali, - 1 s 
laurta \ha 372 : Reptllifl, 
40 . Sn/wiu fano 211 
intc 1 pinttdl Cetacea, 
ij/ofrir re582 : I tpus 
citmi ulus 482, pit 485 
Intcrplengewl \ ituitiis 
Labynnthodontia, >>/ 

Inti in nal borh Cramata, 1— 4 
lntcrspinoiii bom See. 
rtengiuphun 

Inti rtcmpoi il < hen oh pi 

228: (hondiosttus auptn 

li aides 231: < mouphalns 
u 1 Idi 282: Jhploptn ax 

hailli, 287 : Ihlrptuhius 

fleminji 288: OUthpis 
man ili pi dolus 285 
InLencntrd I ripe n n mtht 
nu r 281 

Intcrvcrtebial discs Imb/v 
stow a 848 : ( wiotilus 400 : 
Doghbh 185: I tpus cum 
culu s, 480 Mammalia, <> jh* 


Jtamdtn 848 : Sptlnpts 

848 

fntervertebril fui inun Cram* 
ata, 89 : liana )I(I 
Int'rvertebril hg uncut, Sate 
mandnna 848 

Intestinal art«ncs Puna 821, 

824 

Infestmal glands Cnuuata, 82 * 
Intestinal veins Dog fish 188 : 
liana 822,884 

Intestine, tmphioxu ? 41, it, 
44, 47, 58 : 1 ppendu ulat ia 
22 : (cphalodiscus 11 : 

Cramata, 67, 82 * l)oli dum 
24: J ishis 88 : Pthom\*on 
188* : Pelrom j on nut wins 
188, 144 : liana )iH 

Hhabdopltuia 12 : Salma 
fano 247 248 : S alpa 25. 
lornanu 7 

Into stinopy lone irtuv Dog 
hsh 1 SS 

Intrinaml epiglottis Mam¬ 
malia, 071 

Intravertebial eartili^e ham 
dens 848 : Sprlapts 848 
Inlrasirtebi il eonstiulion 
Uni h stoma 848 
IntunsiL symigeal must li s 
( olumba hvia 444 
line sting lxmes Bony skull 
75: Chondroatei, -7 \ 

Cramata, 71* J punatodu 
I or stir i 295, 296: Mam¬ 
malia, 838: liana 809, 41 - 
Stilamandia atia 845 : 
Salma fano 2 |o 244 : Teleo- 
itei, -71 

Investment ( tphalohscu 9 
Ins < olumba luur 451 : Cram¬ 
ata, Hi* Honu 111 
Salma fan 252 
Tsihii Cetacea, s '7 Proto- 
theria, 5 t« Zenarthra, f>u 
I cluitu foremen ( 4 tmba 
Una 482,488 

Iseluitic s>inphvsis UU^utor 
400 . / aieiti 364,* 

Jihta 478 

Isihium Uli^ato) 409 : 
Iptei) x 47 -) \ptn\\ 
tushal\s 478 : Aves, 

< asitauu , 47 ) Chelonia, 

|o 8 ( istudo litlatm 401, 

( olumba hua 482, 438 : 
Crooodilia, 410 : aoiuhlu 
889: Cryptnn, 47 i s Pappus 
stum /us, 881: Jlrnnutus 
17 *) (r alius ban/ 11 a 477: 
llalmalmus ualabatu 588: 
Ijuanodw bnnissaiUnsts 

881: l acuta 864, ib 5 
/ tpus runicutus 488, pio 
Mammalia, <11 Onuthorhyn 

thus 527: Phsiostufits 

885 : Primates, ->05 liana 


814 115,818: s alamandra, 
848: spkawtlon 8 M: 

letiiipod 88, Hi* 

Is thnacanthida t 150 
Ischnatanthus, 1 ^ 
Ischnacanthus gtacths 158 
Iichvomyidat, 620 
lsopedino Jaiei of eosmoid 
se ale 84 

boffpondpli, 226, 2',7» 269 

Isthmus Scv/» ) fano, * 17 
lsuius 17(1 

Itei c olumba hua ho Orani- 
ata, 98, 90 * Dog hsh 191 : 
I atfita 870. liana 125 
886 : Salmo farm 251 


I 


jAlAAlDjr 101 

Jacobsnu s uiistomobis Cram- 

•ta. *«»• 

J lcobson s organ Cramata, 
li)/ 11** laurta 878 : 
I tpus cunu ulus 500, 5 «)i 
Mammalia, <>7, Beptilia, 

Jakelaspis 1 U 1 

fakeluspts denpien «, 160 

Jaqouna 1117 

fa ounida if 7 

f iw muse h s J tpits cximculus 

488 : Kit 617 : Bodenba. 

m S 

J ew suspension Acanthodu, 71 
Celt acim -or Ghondnch- 
thyes, 201 Cramata, 7 P 
71 * Dipnenati, 71 290 

* 9 - Ginglymodi, 214 
Holooephali, 71 210 Iepus 
in mi ulus 491 Pleiurop- 
terygu, 17 \ liana 808, 
410 811: Salmo farm -fi 
Salm 1 s alar 245: J idpole 


ais 

Teleoetei, 


TJiMela, hi 


Jaus 

Acanthodu, 157 

Get- 

acea 

i, iKf> Chondnchthyee, 

-IX) 

(otcosfeus (huptens 

l()2 

Oruuata, 7>* 

dor 

llbll 

181 1 aeeita 

i »5 


PalcBO pond\ Ur gunni 17* 
Ptcnihth\ odt t, i(i-) S tilmi 

fai 7 11 i, Z\z Si 1 also 
Mdiidibli 

ftrbuis See Mpomotpha 

J ohn Dones An 
ugil Anas basihas, 478 : 
Iptny v inanttlli 472: 
Arfaodaotyla, 588: Avei, 485: 
Jlrady pus ti idacty I in 829 : 
( ams familial is 578: 
Cetacea, 588 : Chmohhis 

288 : ( hr lone m\das 408 : 
Chelonia, 40(1 Chuoptera, 

552 ChondiosUu tuipaisu 
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<nd*s, £81 1 ( otcoccpkalus 

wtfdi, 882 : (olumha hvia 
484 , (totodxlus 407 : 

C rocodilu s poro ms 407 - 
Dasvmm HO. DvplopUrai 
tram 807 : 7 mys europaa 
406 : Equus, 680 * 068 : 
Oofgonopna, 088 : Hafop 

tychms flmxngt, 888: 

Ichthyophn gluttnosa, 846 : 
IMhyosttgo, 884 : l acerb 
881 * 362 T’rtut cwiicw/uj 
408 * 495 Mammalia, 680 : 
Metatharia, 530 5 *5 

Myrmeoophiga, 887 , 088 : 
Oi^o/e^w xacrolepidotus 

888: Petrogale pemcillata 
640 : Pkuscolomx s <i otnbat 
580 : Phocema communis 
586 : Proiaua 815 : Salmo 
fano -111 844 : S capha 
gnathus 888: Sphcnodon 404 , 
405 Jaisius 558 f hrtneno 
donhorkuiu* £ 82 -Xenarthra, 
(>2h 

Jugal arch I qnw* 588 ■ 
Manotyphla, 5 jb 
ugufer tani! \canthodcs 156 

^ ugular c minenc ts Jlomu 50 2 

' ugular ntnc Crumata, 104* 
ugular pi it( s i mi a 868 : 

imutcaha 885 . Polyptefus 
’67 Pahptatt htchtr 882 . 
Protoapondyli, 15 f ndxna 
pemcillata 289 

Juj,ul ir smusi s Dog fish 188 , 
1&9 

Jugular veins Amphibia, 140 
olumta hvia 446 , 447 : 
Oramata. 08 : 1 pirewtolus 
J01 leri 800 , 3"o 1 ishis 80 , 
91* / acuta 867 , 3(18 170 

418 ■ / epus tunuulus 502 , 
500 507 ham 822 , 824 : 
Salamandra maculosa 850 

[unssic Aotmopteiygu, *» 5 
Atm, 454 465 4 56 Holo- 
oaphali, -214 Mammalia, 
521 5*2 Eepfalu, 


K 

Kaou—S et Rhinochetidct 
Kakipo St 1 S tnngops 
hatobatippus 591 594 
Kangaroo 533 335 586,680 
havmmeuna 880 
Keel —St 1 Medullary kul 
Keratin 00 
Kueraspis 180 

KiaraspU auchenaspidoides 

187 , jLSft 

Kidnr ys Amphibia, 351 

( allot k\nchu\ antarcUcus 
882 : JhondnchUiyei, -07 
( olumba hixa 442,451 452 : 


119 * lhdtlpkvi* 
dorsigara, 685 : Bog fish 
185, 195 106, 107 1 J pi 

cerahdns fontm 301 tpta 
tutus, 150 : 7 nnaceiia 

678 : t ishis 86 : Holo- 
eephab, 222 7 aorta 867, 

889, 874 : 7 cpidosxrm 306 
Lepidosleus 281: 7 r£us 
cuniru/us 514 
67b Petromyxon 144 
Petromyxon martnus 144 : 
/’j otoptcru 306 Rana 

818 , 821 , V2 t 327 828 . 

Salmo fatxo 248,252 258 : 
Teleoatd, -80 Urodela, 
851 


Killei —See Of ca gladiator 
hingfisheis -St e A Icrdmtdcr 
Kinkajou—See Potos caudi 
toll us Pfocyorttdea 
Kiwi —See ApUr\ \ 

KoiJa—See Pkascolaichs nut 


rtus 

Kt it altisha 21* 2’ 


L 

1 \BnMWORt Ltrpu tumtulu 

510 

I ibial cartilages Cartilaginous 
skull 78 : ( hnnerra m<m 
it is 1 818 : OhondnohUiyM, 
201 Craniate, 74 * Bog 
fish 181 J piceratodu fot 
sttn, 896 : Holocephali^m 
Salmo •talar 845 l n U 
phus 201 

I ahefo aunxs 37s 

] abu(hth\spsxttacula 260, 11 

-<K *70 

1 ibymnth—Sci Lorn Ufy 
unth Membi tnous lilry 
until 

Labyxmthodontia, 333 3i>* h 
341 

1 \ci rxa 3,7 370 i** 418, 
ix( 418 

* *885 

I arerta ntutalis 418 

t aorta xxudx 857, 867, 870, 
878,874 

7 aieita if i para 864, 878 

/ act it idee 388 423 

Lacertaka, >ss 391 394 497 

)99 400 402 40S (10 411 
|I- 4 r > 415 4 TO 419 424 
42 * 

1 achrymal lpttry\ mantelh 
478 : Atm, 485 : Brady pus 
tndactylus 688: Cams 

famthans 578 1 (hondro 

steus anpmsnoidcs 881 a 
t olumb 1 lu in 454 , 45 b 


( tohilus, 405 : Datyunu 
550 ; Dtpiopterax tratlh, 
289 : £«mm 502: ta|t> 

nonift, 588 : lloloptyihiu < 
flamngi £88: Irkmoitrga 
854 : I tail* 46a 801 : 

Ltpus cumatlut 418 , 495 
Himmalla, 885 : Kynwoo- 
phaga. 687 : Ophidia, 404 
O steolepts macrolepidotus 

886 : Phascoloms wombat, 
588 : 7 hnnaxodon Itorhtnus, 
888 : Fttiy lodon longavus 
518 

L&chrjmol duit, I epus cum 
cuius 6Q0 

T xchiymal foiamen Apteryx 
mantetli 478 : Lemuroidea, 
3(13 / epus cumculus, 495 

Metathexm, 538 I nt\lodon 
longcri us 518 , 520 
1 athrymalgland 1 acuta 37^ 
Mammalia, 675 
I ideals Oramata. )5* Fishes 
00: Mammalia, boq 
I lgena - Sot Lodilc i 
Taginovhy 11 thus 658 
Lagomorpba See Duplioiden- 
teta 

I OsOmyida 517 
I ake I rout Sic Salmo trait a 
1 imbdonlil crest CamiTOxa, 

I unLloidil sutuic i lumba 
luia 484 : 1 rpits cam ulus 
491 

/ ambdothinum 59S 
Lunina of vertebra Jxana 
30S SOB 

I amina piipemliiul'in* / cptt 
tunuulus 491 

1 inuna terminabs Oramata, 
08 , 99* 7 acerta 878 , 

l tpu t unit ulus 518 , 511 
I amna 17c 
I amm ntnulua 178 
7 amnidtr 17b 

I unpcin Ste Petiom\son flu 
1 latxh 

l ampeha— See Petumv*on 
I impicjs- Sn Ceotrxa Mor¬ 
dant* PiUomy~on 
I anarl xu 1 13 
l anarkxa spxnosa 188 
Lancelot—bee Amphiorti 
J mguets Ascidiaoea, 23* 

\ stidler composite 28 : S al 
pa 25 , *7 S alpa dttnoira 
tica, 84 

langurs—See Cercopithecus 
Lantern fishes 258 
LapiUus Salmo farxo 858 
Large intestine Bog fusli 184 
I rpus cunuulus 502 Rana, 
318 

7 anda 461 477 
I aro I uncola, 46] 
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Larva, AmblysUma Uannum 
854: Amph%o\us t 50, 57, 
58 : Anwtella, i5 A soidta 

mawmtilata, 88: Aawdiioet, 

81 , 32 ,88,84: ( obtUs, 284 
Doliolum, 88,85 : Lels, 284 
Gymnarchus, 264 HettroU 
264: Leptdosteus, 264 Mol 
guild*, 35 Prtromyon flu 
vyatih*, 146 : Polypterus 
884; MmnM. 264 
Kametftt 19*. si 
laryngotracheal clianiber 
Rana, 3 x 9 

larynx, (olumba luta, 44) 

/ aoarta, 888 , 370 1 (pus 

cumctUus, 508, 508: Bep- 
«Ht, 412 
J asantus, tit 

Tasiognathus sauosloma 287 
lateral apleiium Cu/umfta 
481: hypattu 487 
T ateial artery Dor Ash 188 
Lateral fins Dog fish, 17S 
lateralis nerves—See 1 ileral 
line 

Lateral line hi ta c iha 108 ‘ 
Amphibia, 351 (tphalaspts 
107 Chondnchthyea, 200 
( hmatius ret 1 rulatm 155 * 
f aceosteus dtnpi ns 181 : 

Craniate, 6L 108, n 7 

Dog-fish 177 iq| J pipita 

lichthy . u ildun b eHsis, 186. 

1 lslicb ioq Holocephali, 
21 7 Labynnthodontia, , \7 

43S l ipxdosttus plat\sto 
muA 888 : Macropt taluk 
tky rapneid hi is 167 : V 1 
ca flunatili 108 : Pttmm 
-1 on H5 U| Ptnoplatua 
vaLncunnesx 109 : balm* 
fano 888,^38 

lateral occipilil Xranthulc 

156 

lateral occipital crtsl Maao 
|etahehthy tapktidolabts, 

Lateral plati hnphn 1 us, 4O 
Am, 4^ Chondnchthyea, 
211 Cr&mata, 1-2 J pi 
petulukth) s 0 ildungen is, 
168: Pit nchthyodis 1O4 
1 ateial septum Ptyckodua 
bahamensts, 5 

1 ateial vein Craniate, 87 : 
Dor fish 189 I ishes 88,91* 
balamandra maculosa , 850 
1 ateial vtntmlt See 1 ’ari 
cale 

I aUmena thalumnt* 889 
/ augta, 289 

Leather-backed 1 urtU S t 
Dermatochely 

I emming-—Sec Mu odes lem whs 
I emur, 666 
1 murtda , 55O 


/ emtmna, 556 

, 556 HO. 560 

563.365. M0 

l^eits of eye, Cotumba ima 
4V>i 451 : Oraniate, in" 

115 : Dog-fish, 194 1 opus, 
686 : Samofano, 251, 858 : 
Sphenddon, 116 : 6 phmodon 
punctatum , 415 
1 mtorebus, 359 
f epidos%ren t 290, 304, 505, 306 
7 eptdmrm patadoxa B 894 
leptdosteus, 223, 227, 233, 271 
2g. 27C, 878 , MO, 881 , -‘D 

I epidosteus platystomus 888 

I epidoAeus trist&Lhus 2 3 \ 

F epidotnchia —See Dermal fin 
lavs 

/ epidotus 2 35 
J epidotus minor 884 

I I ponder, 517 O20 
Lepoapondylia, 333 . 3 >9 
Lepospondylous vertebra, 887 
/ ephctider, 555 

LrptuUs ; 345 
I eptoeephalus 284 
/ cptoglossa, 388 
1 tploltpidtp, 2 J5 
256 

/ eptohpis bionm, 857 
fepiiv ,17 688 

I I PUS ( imiULUS, 5H8-517 
Lev ator labu upenmis must I 
Rat 817 

1 c vdig s gland I >oj fisli 198 , 
197* 

r lAS'di Telaottei,-s? 

I mio r r istn< irbrv Dogfish 
188 , ih«j 

lunogastiic vein, 1 epus turn 
cuius 508 , S« S 

I igammts Set Riuad hgi 
mi lit 

I igaim ntinn dt ltuuliluin 
huphtonts 46 

1 1I5 I rotters—See facan / / 

I 1111b fiirdli s - Seel’ertoi iland 
Pelvic Rirdles 
I imbicss lizai ds 595 
1 imbs Oramata, 61 , < $ 

/ imicoltp , \iM 4bo 
limaalbi Rana 41b 317 
[ ingual arte 1 y I pit n at hiu 
fontn t .99 Rana, 880 
1 ingual cartilage, Petiowyzon 
137* P inannus, 189 
Lingua] musclcb Myxtni glu 
tmosa, 150 

I mophryne arbonfer , 867 
Lion See J ehs leo , 1 ehdte 
Lipotyphla, 456 
T ip fish Sec 1 abnekthy* 

Lips Anthropoidea, 5 so I ai 
hchthv* pstttaiula, 860 . 

60 b Pitromy son 
fluvtahln, 148 : Sulpa, 85 


Taauoi amnn - See Ammotic 
fluid 

I lquor foliieuli. Mammalia, 


Lissamphibna, 332 
Lrtoptenift, 367, {68 569 
1 iver, Amphmus, 41 , 44 *. 47 : 
lialanoglossus, 8: Ohond- 
richthyii, 205 Chordata, 
40* c olumba hvia, 448 , 

443 Craniate, 67, 64 *. 86 : 
Dog teh, 184 ,185 : Entero- 
pnenste, 5 hishes 88 : 
lacetta 866, 667, 889: 

/ epidosttus 878: lepns 

mniculus 508 , 504 Mud - 
malia, 660 : My nne, 149 
Pitromy son, 140 Pet 10 
mvson matifiui , 188 : Rana 
818 , 419 888 : s ahno Jauo 
848 , 249 Teleostoi, 27b 
1 iv cr cells Craniate, 85 
Lizards—See / acerta Lacertilia 
Idaraa—Set luchenia 
J oach, 261 

lobub inferior C aUorhy nchu 
antanticus, 221 1 Chond- 
nohthyes, 200 . Dog fish 
100 , 191 Salrno fano . 59 

850 

f ongitudinil canal l epido 
sum, 881 : Urodela, 851 
Longitudm d li'.sui e- Si c (irtat 
longitudinal fisMin 
longitudmal ihumIcs, Ply 1 ho 
(In a buhaiiuHsts 5 
1 ougiludinal valve Rana 880 
I ophxodontuhr 589 sob 
Lophtotkenum ^91 591 
I ophius 268 
Lophobranchii, 271 
J ophodolu acanthagnathus 887 
f ophodont molars Mammalia , 
057 * 

1 ophs Gj/ 

Loncate, 0.5 021 
1 ones—See I onus 
Jons 547 
Tot 1 ida , 447 
f ortsma 54/ 

I onus \(i£ 

lower jaw—Sie Mandibk 
loxodonta atnruna, 604 , (>08 
010 

I oiolophodon 569 
T ttetda 21* 

Lumbai arteries I outlet 50s 
Li pus emu ulus , job 
lumbar legion Ctocodilus 

899 

Lumbar vei tibia, Cotumba 
l%via, 488 : I epus cuniculus, 
4^9 Mammalia, 0 ^ Myr 
mttopha^a jtthata, 688: 
Zanarthra, fi.r> 

Lumbo-sacral plexu*, Rana, 
325 
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boa, 


luminous organs 
thra, 204 Momtas 
870: frieoeta, 27 ° 

Lump iish Sto t v t lopteru s 
Lunar, J?»</dv£ws 

, 579 ChlT- 


optera, S5 2 Fquvs caballns, 
046 : (rfob» 0 ££/wa/u& mc/as 
680 : Insectivon 5l<) 
rumcw/us 408, 4 Qv 
Mammalia, 640 Jl/iwm 1 , 
648 : Papto anubi* 566 : 
Primates, 5 ^ Protothena, 
5 ^ Rodenha, <^2 s™ 
&£fo/a 648: 2 u//>ri 549 : 
laptrus induns 847: 
I 1 trapod 80 : Ititirnno 
don 644 

/ lOftlS&l'k i(k» 

Lung Jishe s 290 
Lungs Amphibia, 34 b Aves, 
446 , .17$ (Atiwic/fciw 412 : 
( olumba h ta 442 , 444 : 
Cramata, 67 , 87* f ;>/ 
inatodus forth m 87 , 298 . 
Iishcs 87 : 1 acuta see, 

887 . 868. *70 It pus 1 am 
cuius 508, 500 Pohptttu s 
87 : Piotospondyli, -1 > 

liana 818 , im 821 , 322 : 
Reptika, 112 ^alnnunubn 
848 : Teleostei, 87 
I uth Set Jh 1 mulotht r i s 
lutia 664 
Ixcntops 884 
Ixtosauru 

T > mphaiiL \ nils Cramata, 
«> 1 * 


lymphatic system Cramata, 
op 1 ishts 90: Mammalia, 
ohi) Rana 824, 3^*5 
I > mph utpilUnr s Cramata, 
94 * hand 824 
I \mph hearts Cramata, (>->* 
Rana 824, 

lymph sinuses Cramata, os* 
Ifnm 818, 3-1 

T ymph sp u i s l mphiv i a s 

43* 46, 47 68 
Lyomen, - ,b 

Lyia, 1 (pus turn at l us 512 
lyrebirds sec Wu/io/clr 1 
/ Motophui lit) 

/ M/r?tcitff u , >S| 


M 


Ujcjo.* 559 
Macaques St 1 l/nc icc/ 
Macaw Sec lie/ 

Mackerel sharks Su l mum 
Man audit am 3 <m) 570 
MaLfauchtmidti 3*") 
Macromtres, Ptttomy^on 146 


Mat,rope1ahchthv'>, 105, 107 
Mcfcropetahchthys pmmtensis, 

168 

Af acropstalu kthy t ra^Ac ido- 

/d&is, 167 

Macrapodida, 533 335 
Macropoma 2 S 9 
Matf&pus, SM 641,639 
Jl/acroj&wr ma;r» 674 
Macros/ehdte, 346 317 
MaLroscrltdt,* 54 b 
Macro! Amww, 590 
Macnindb, 201 
Macrmus carnunatur 866 
Miiulalutea /iir^us 339 
Macuhr uustita, Cramata, 
117* 

Magnum Btadvpu* tndactylu s, 
680 : / </««* cubalhu 648 : 
/ r/>«s c/onrMlm, 498, 4 (H) 

Mammalia, 646 Me mu 11 
646 : Ormlhothwtchus, 627 : 
Pipio anitlns, 566 . Sun 
sn D/cc 648: Jalba 549. 
i a/>n us/Mrfico* 847: litu 
pod,80 : IttUninodoti agili s, 
644 : 6 mis umnuanu s 

579 : Xenarthn, < -«i 

Vrihi/thnous . 7 -) 

Mildi Ve Jui.il 
M 1 U 1 furamtn, Phlttn m s 
lou n 548 

Maliyan Smft Stc 1 alloc aim 
Malleus Cramata, 11 s* //rw 
676: / c/OtwHuicrr/iis 4*17 

1fH.iinui.li* , (>70 

MUpif^hiin Ldiisuk Cramata, 
118 *, 120 : l ptaudits 150 : 
Mymnoidea, T 31 hanu 824 
MiJpi^liwu IdyLr Aves, 4 -g 
480 : Craniata, //own 
684 : Mammalia, 684 , 685 
Mammalia, x 37b >Si ( 4so 4, 

(M)l 

M imm 11 \ arte i v ( olumba 

him 447 . 1 1 pus tannulus 
y>f» 507 

MiiinmaiY tus Kmgnou 

688 : Metathena, oh«i 
Miiumiity glmds Mammalia, 
i»3<> Protothena, 030 

Jathytfos us mult at us 886 
M nnm uv poiiLhi^ Unnt/w 
ih\nthus (130 

M nnm icy vi in ( duntba In ta 
447 - / rpus cunuttlus 31 X 1 
Min Su Homo 
Manatus (»io im 
Mauatus smtgaUnsi s 612 
Mdodibk inpensn 272 : 
4 Ihfatoi 411 : Anna 268 : 

I wphilht 1 1 mu 522 : 1 su 0 

input, -<>- Aves, 4/4 
Ralamptua uistuUu 668 : 

< tnns jumiharis 578 : 
(t ntetf s naudatus 347 
Cetacea, 5% Cheloma, 407 


Lhtmmra monstrosa 218 : 
Chnoptera, w t hmatius 
reticulata* 165 : (olumba 

hvia 4)b Craniata, 77* 
Cromopterygu, 988 : (to 
talw , 408 : < ynognathu*, 

888 : Daiypu* sexttmlus 
627 : Dasyurus, 688 : Dip 
metrodou, 383 Diplop 
terax traillt 287 : Diptnu 
1 altnnenutst, 892 : Dog 
fash 218 : I lomckthn, 888 : 
Lmy* ttiropera 405 , 411 : 
(ilobiottpkulus 682 : Hehch 
thy s citrons 280 : Holop 
tychiusflnnmp 288 ; Homo 
661 , 3 O 2 / acerta, 3 O 2 

/ epus cunt 1 ulus 490 Mam- 
malia, 688 , 641 Manatus 

stnegalfHus 612 : Meta* 
theria, 331 330 Afcm 

thtuum 808: Momtoi in 
theus 411: Myimecophaga 
627 : Ophiduu 4 °S Ostto 
lepis mat roll pidotus 286 : 
Pal nos pond] I us unm 171 : 
PhascoUstt 522 : Phasio 
lorn 1 v i ombat 689 : Plagl- 
anlaeoidea, 3-1 Pnmatei. 
3<>| Pi oral ta 016: Proto- 
■pondyli, -33 Protothena, 
32 b Sabno jaua « 287. 

's(\mno'>uthus 388 : S pula 
LuthenuM 522: Syraua, 

in 3 Jath\f,lo ou acuUatits 
520 : /mstpts s 3 i s 3 '» 

1 9 iconodoH 522 : Xenar¬ 
thra, 027 f>*s 

Mmdihulu uih Cramata, 
7 3* (wallu I nil 1 a 481 
Mindihulii diit n l>o iish 

187,188 

Muidibuhi 1 mil Imm (alta 

108 

Mtndibulu tund>ks 1 1 pits 
cunuttlus 482 . lmh\^hs 
sus acttU it it 529 

MdndibuLu nirvt Cramata, 
102 : Dog fa>h 108 
Minilihular nrrvi funmLn 
lipu cum ml us 485 
Mindilniltr npiuuliini Acan- 
thodu, 1 iS ( hmatius nh 
(ulatus 156 

MiiiuUbiil ir splint 1 1 antho It 

157 

Mimhbuln symphysis Dug 
fash 1 S 1 I (fus atnuulus 

4 06 

M.indibnlu tooth ( allot hut 
chits anlartticus 220 : Holo* 
eephali, ^10 

Manclibul j 1 vein Mat roht ta 
luhth\s tapheulolabis 187 
Mrin c iters See ( arthaodm 
Mams O 2 O O)-) 

Mams gtganUa, 082 
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Antle, A scxdta, 14*, 16, 18 : 

A miuB composite, 61 
Manubrium, J alpa, 548 
Manubrium sterm—See Pjc- 
stemam 

Manus, Aichd*opteryx htho 
paphtca, 465 : Bradypux 
tndaetylus, 660 : < tnus 

elapkus, 647 : Getaoea, 580 
( olumbu twin, 4S8 : Uxa 
dxaphprus 645: Dioynodan- 
tia.884: 1 < 7 uws 566: tyuiis 
rc/bcr/fas, 648; Ids'* ho 
579 ; iorgonopiia, 884 : 

Hyracothenum , 592: ln- 

wetivota, 5 V 1 Taierta 363 
Lemuroidea, 5 ^ Ur 11 - 

thibpu s, 645: Mewhipfus 
596 : A/rsonyt, 646 : A/oiw 
pffs etatus 599 ; Pelyco- 
sauria, 864 : Pinnipedia, 
Sbi Phohippu s 645 ; Pn» 

tohippu* 592: I'folotofafi 
pus, 592: S«* vio/a 646: 
1 alpa 549: I a pit its in 

dints 647: Ihoathumm 645 
M irgm il pi it< ( heh m my da 
402 : t ntndo htfana 401: 
C OLCOstl l/-» 161, 

Ku i7//dA/ins, 168 
1 /<ii mnwr sl- 
Marmnsi Ls See H ft paint a 
Marrow if tcliapcHl hours 
81* 

Mai row 1 mt> S prlnpts 848 
Marsnpialia set Metatbena 
M 11 su] mu 11 Metatbena, s 40 

/ at h\ f lot* n in 11 U at us, 686 
Mai tins Stt Muslthda 
M isstii must U\ ( uilnht 421 ' 
Itpu nwii ulus, 496, 107 
kat, 617 

AUsiiidiai nciM Cramata, 
104* 

Maitodontoidea, Go* 006 , 609 
Mastoid Homo 561, 5 0> 
Mammalia, ii|» Pmnatea, 

sbj Vtihuicu A a 11 548 
Matui alion Obondncbthyea, 
20S 

Mi Mill, li in host Jia 1 * 478: 
tJ>Ui}\ u anlttl 478 : Aves, 
485 : Ltony skull 75: 
Runty pus tndait\ln\ 629 : 

( auisfamiharis, 578 : < tnle 
/» ecaudahts 547: < tlacea 
5 So C hntohfis 228: ( htlane 
mydas, 406 : ( hondiosUtts 

aciputstroidfs 281: (otto 
cephalic tvildi 232 : * olum 
ha livta, 484, 1 4 <» Oramata, 
77*: ( locottilus 407 : 

(rocvdihts poiosu 407 : 
(rotalm, 408: Jiasypit 
stumdus, 627: Dasnttus 
589: Diploptnm lnulh t 2S7 : 
L mys turojxia, 405 : l quus. 


662: Gadus morrhua, 

960; Ginglymodi, 234 
(tlobioLephalm 582 : to- 
gcraopr 888: Hcluhthys 
degam, 280 : Uoloptvchtu> 
fle*nmgi % 286 ; Homo 561: 
Jckthyophis glutxnosa, 845 : 
J chlhyo&tega, 884: l aierta, 
861: 1 eptolep is bionm, 

257: Lepus vunuulus, 

492, 491. 495, 500, 502 : 
liM.iwfn^iia t 629 : Manatus 
senegalensis, 612 : A/ynni- 
inpha^a, 627, 628 : Opbldia, 
104 . Ormthorhxnrhos 5 87: 
OsUohpxs manolepidotus, 
286: Palaomuus, 22 b 
Pulaomstus man 0 pawns, 

227: Pctrogale ptnutllata 
540 : Pha*Lolomy \ womba* 
589: Phot ana tomniums, 
585 : Polypterus . 273: Pin 
causa, 615: Protothena, 528 
Rana, 809, 811, 112 S ala 
mandia atta, 845: S almo 
jam 23 b 237,241 ,2 n 244: 
St apkognathu 898 : Sr 

bastes pei coidu 260 : \phen- 
odvn, 404 : 7 at h\gloss it 

aculeatus, 529: lhnna\odon 
horhxnus , 882: JrJylodon 
longmms 519: / »o^idoN du 
nait ii, 408 : Yenartbra, 628 
Maxillary autia Mammalia , 
071 

A1.imUj.iv loraineu Oimtho- 
rh) tulius, 527 

Airisliiriiv mivt, Oraniata, 102 , 
10 \* Dnglish 192,198 
Mi\illar\ process t tpu turn 
tulus, 404 

Maxillo jugil in h, Avea, 172 
M lmUo jnJdlJii* 1*10 tss Anas 
bosebas, 478 : Aves, 435, 
472 ( nun at a 17 2 

( olumba hi \a 484, | 0 
Cryptnn, Ratiia 172 
Alaxillo turbin.il It pit s ruin 
1 ulus, 495, 500, 502 
M u kel s cariilagt i t ant kadi s, 
157 : ltony skull, 75 : ( alio 
fhymku\ antmtheus, 820 : 
Cartilaginous skull, 72: 
Ohondnchthyei, 200 t at 10 
strus duipunx Ku Cram- 
ata, 7 »*, 7 e* (1 no^nat/iux, 

888 : Dimdrodon, 888: Hog- 
iisli 180, ibi, 182, 185 ; 
1 puti utodus for&ten, 295 : 
IJtptianikxas, 202 : 1 actrta. 
Pit uim anthiii dtfhcni , 
175: Rana 31 * S almo 
tavio 2 n 244,245: Sr mm 
osuchus 888 : I .nlpolc, 818: 

Utuhphu , 901 

Median baxal idatu ( occostius 
decipiem, 161 


Median dois&l plate, Gemuen- 
dtna stutbn, 170: Hetero- 
steus, 168 : PtmcfUkyodes, 

164 

Median fins, TdeoeW* a68 
Median pUte, Coccodeus decx - 
pxens, i (>2 

Median sac ral artery—See Can 
dal aitery 

Median ventiaJ plate, Ptmch - 

S i rode* 164 
\asp%diie, 15 Q 

Mediaslinum, J epus lumcuhts , 
5»4. 508 

Medulla of kidney, mw^tllt, 

Medulla oblongata, Alligator, 
415 : Callorhynthus airfare- 
Ucus, 221: ( ant s, 672 ; 
Obondnobtbyea, 206 Colwn- 
ha Itvta, 449, 460: 
Cramata, 67, «) 7 *, 98 ; Dog 
fish, 190 ,101 Ipneratodus 
lotsttn, 800, 301 Holo- 
eephali, 220 I acuta 889, 
870, mi, 872 : / epidosteus, 
280 : ft pus cumtuhts 502, 
510, 512 : Petiagale pen utl- 
lata, 678 : Pttroni\*on, 142 : 
Pthornx son man tins, 142 ; 
Rana, m, <27: Salmo 
faiio 250 : I aehvglossus 
autltatus 678 

Medullary canal llavdhna 
80, 81: Mammalia, 082 
Medullary cord, Pelum\zon 

146 

Medullary fold, Uhgator , 417 : 
linphuiMis, 52 Asoidiaoea, 
80: Avei, 4 82 tpuna- 
tmtus jotsiin 808: Pnstiur- 
us 209 : Rana, 880, 3^1 
Beptilia, 4»9 

Medullary grouse, Alligator 

417 : Ascidiacea, 30 * Avei. 
482 , Obondrichtbyei, 209 
Cramata, 9 s*. 112 Dog¬ 
fish 211 : tpit erutodus fot 
tux 301 803 : ualius 

banhiva, 480 : 1 epus, 682, 
668 : M>tnmalin t 082 Pns 
tiuius 200 : Rana, 128: 
Kay 211 

Medullary kid Petromy^on 

145,146* 

Medullaiy plate hnphtoius 
52 . 58 v Ascidiacea, 301 
l ef 1 ,688 

Medullary velum, 7 acertu, 872 
Megucerops 598 
Mt^ackxroptera, 551 
Mcjalichthys, 287 
Ur 'aluhthvs hxbbirti, 64 
Mfgalohahachus , 3 |u 
Mtgalohuai, Ois 
Megalonychxdtr, (124 
Mecalonjohoidea, 
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Megalonyx, 523 
Megalosaurus, wo 
Megalomerea, Rana, 329 , 880 
Megapodes—£ee Megapodius 
Megapodius, 461,480 
Megaplera, 584 
Megatheriida, 623 
Megatherium, 623 
Meibomian glands, 

Meleutocehts potyactis, 887 

Melinodon, 886 

Meleaguts. 461 

Miles, 884 

Meles ta\us, 575 

Membrane granulosa. Mam - 


Membrana semilunaris, C olum- 
6a tivia, 244 

Membrane dodos— See Invest¬ 
ing bones 

Membrane of Reissnei, ( olum- 
6a livid, 451 

MembranelLe, Tor nasi a, 7 , 8* 
Membranous cochlea, Lr£«i 
cMfricutos 514 

Membranous labyrinth, C ohim- 
ba hvia, 450,451: Craniate, 
117 * : Dog-fish, 194 : Holo* 
oephall, 210: Homo, 676 : 
Lacerta, 878 : l spas mm 
cuius , 514 : Mammalia, (> 75 * 
076' P*fudabhycit Oaihu*, 
878 : Rana, 887 
Membranous vestibule, Crani¬ 
ate, 117* 

Meniscotherndtr, 567 
Jl/oitoo/Ainuftj, s<»7 
Meniscus, ( olumba hvia, 432 
Menotyphla, 540 
Mental prominent c, llmno, 4(1.* 
Mento-mcckelian, Rana, 811 , 
3 U .818 
MenundtP , 462 
Mergansers— See Magw* 

Met gits, 4O1 

Meroblastir segmentation, 
Chondrichthyes, 20b: Gan¬ 
oids, 284: Beptilia, 117 
Metopidtr, 4G2 

Merry-thought—See hurcula 
Mervchipput, 593, 594, 645 
Mesacaiitkus, 159 

acanthus pea chi, 158 

Mesaxonic foot, Condylarthra, 
566: Mammalia, 644. Peris* 
sodactyla, 58 7 

Mesencephalon - See Mnl- 
bram. 

Mesenchyme, Per a males obesula, 

811 

Mesenteric arteries, ( olumba 
Hvia, 447 : Dog-fish, 188 , 
189 : Fishes, 89 , on* : t #/- 
certa, 887 , 308, 868 : 7 
cuntctt/ttf, 508 , 506, 507 
Mesentenc vein, Lepus cunt - 


508 ,508 : Salamandra 
maculosa, 850 

Mesenteron, Aval, 484 : Lepus, 
888: Rana, 188 
Mesentery, Craniate, 87, 8s*: 
Latcria, 30b: Ptychodera 
bahamensis, 5 

Mcsothmoid, A vet, 485: Bony 
skull, 75: Cartilaginous 
skull, 72 : Columba hvia, 
484,435= Craniate, 72 *, 7 b*. 
Globtocephalm, 588 : Homo, 
681 : Lepm cumculus, 49 
49S 588 : Loiodonta afn 
cana, 804 : Mammilla, 688 ; 
Manaius sen realensis, 618 : 
Rana, 312 : Xenarthra, 628 
Mesial rectrix, Columba Ima, 
488, 427 

Mesoaiium, Dog-iisli, 191 . / a- 
tutu, 874, 375 
Mesocoelc—bee Iter 
Mosocoiacoid, Salmofario, 846: 
Teleostei, 274 

Mesocuneiforra, Biadvpus tn- 
dactylus, 880 : ( (iwui tln- 
phus, 047 ; Dasypus \c' 
tinc/u\, 881 ! bquu\ tabat¬ 
in'*, 848 : / opus Mounting 
100; Mammalia, 640, 884 ; 
Mtsonvx, 648 : Phalanga 
540: Su\ set of a, 848 : Tetia 
pod, 80 : 'luhmnodon agilts, 

Mesodcim, Intphnnus, 63,54 : 

Chondrichthyea, 209, 210: 
r lavellxna . 81: Craniate, 
122: Callus hanknu, 480 ; 
Ptislimus, 800 : Rana, 128, 
880, 3U • ^almo fario, 254 
Mesodermal somites Chondrich- 
thyei, 21 £: Craniate, 122* 
Mesoderm-strain l, Peh om\ son 
148 

Mesodon, 235 
M/notion macroplt * it 285 

1 lesohippus, sot, 592, VM. 
391 

Mesonephric duct. Craniate, 67, 
J J H Dog-fish, 195. 198: 
Ljnccratodus forslen, 301 ■ 
Bolocephali, 222: Sana, 327, 
888 ; Salmo Jano, 2 ^ 2 , 858 
Mesonephros, (olumba hvia, 
4Si: Craniate, 87,118. no*, 
120, i2i Dog-fish, 191, ig8 
1'pHcratodus foisleti, 301, 
808 : Myxinoidea, 111. Pe- 
• Irowviott , 144 . Rana, ^ 2 7; 

TeleoeteJ, 280 
Alesonyehuia, 577 
Mesonyehoidea, 576 , 177 
Mesonyx, 644, 848 
Mesoplodon, 5B4 
Mesopterygium, Chondrieh¬ 
thyes, 203 : Dog-fish, 188 : 
Macropetahchthys prumien- 


sit. 188 : Pohpterus, 274 : 
Urolophus, 201 

Mgogterygirid^ Sahno Jano , 

Mesorchium, Dog-fish, 297 
Lacerta, it*, 375 
Mesorectura, Lacerta, 366 : Le 
pus cumculus, 508 
Mesorhacbic fin, Djpnrasti, 290 
Mcsoscapular segment, Insecti- 
wa, 549 

Mesofiternum, Inteotivora, 
547 : Mammalia, 638 
Mcsostyle, 657 * 

Mesozoic, Mtwimtlh, 319 
Metacarpal remiges, i olumba 
litna, 431 

Metacarpals, Alligator, 408 
Arckeopteryx lithographic a. 
466 : Bradypus indactylus 
680 : ( ervus elaphus. 847 
Cetacea, 586 : Colimba hvia 
488; Edestosaurus. 888 
Equus caballub, 648 ; /1 

certa, 884 ; l-epus cumculu 
408, 499 = Sphenodon, Ml 
totrapod, 79 *, 80 : Xenar- 
thra, 629 

Metacheiromys, 624 
Mctacoelc, (allorhynchits ant 
arctuu<,221 l Columba him, 
44 s - 450 : Dog lisb, 181 ; 
I tuiita, 870, 371 : J'etronu 
*011 mannas, 141: Rana. 42 «> 
Mi Kuo nr, Mammalia, 654*. 

<> 57 : Perinodactyla, 589 
Mctaconul, CamiTora, 664 
Mctai onulc, Mammalia, 854* : 

Perissodaotyla, 5 «g 
Metaciomion, / efitts tunicu/u^ 
4‘»7 

Motailisroidal plat euta, 689 * 

Mctaioph, Perosodaetyla, 5 B 9 
Metammsm, Craniate, 188 
Metamorphosis, AsoUHaoea, 2 s 
Metamorphosis, reti ogi essi\ e 

Aieidiaeea, 84 

Mctanephnc duct, Craniate, 
87, 118 , 121 . Dog tisk. igj 
Metanephxos, C olumba hi ta, 
4 Si Craniate, 87, 118 , 1 x 9 *. 
180, i 2 i: Dog-fish. 195 
Mctapleure. Anibhioxus, 41*, 
57,58 

Metapophysis, I epu\ tumculus, 
488, 490 : Myrmecophaga 
jubata, 888 

Metapterygium, Chflndrieh- 

thyes, 203 ; Dog-fisli, 188, 
184 : MacrnMahchthv s pin 
mtenns, 188: Polyptertt^, 
874: Urolophus, 201 
Metapterygoid, Leptolepi \ 

bronni, 857 ; Salmo Jano, 
841, 242 , 844 : S almo salat, 
845 

Metastyle, 657 * 
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iMtatanals, Apteryx mm, 
07: Jitadypus tndacMus, 
880 i C mus elapkus, 617: 
C olumba Ima MB. MB: 
( rocodUus, 410; Lmy> 
eurnpaa, 409: rquus ca 
battue, 6 M ; 1 actria, 46 
3 epus cumculus, 500 Or 
mikorhynchus , 687: Pro- 
tothetia, 330 to 316 
Spkenodoti 889 : fas scrota, 
049; Itlrapod, 80* 

Met itarsus Gorilla 506: 
Homo, 666 : Ponge 606 : 
>• 566 

317 318 5io-sii f 

* 59 . O89 
Vletonccphaion See Hind 
brain 

Mxaetda , 577 
Mi acoidea, 376,377 
Mice—Seo Mas Mjomorpha 
Mxcrobrachiu s 163 
Mxcrocebus, 3^6 

55 !SSS®i? 2 !!fo 6 o 

Mtaroennm, 2 s'* 

Mxcrodon 2^3 
Mtciodon wa^noi 864 
Micromcn s. Peham\*on 146 : 

Ram 329 880 
Microp>lc balmo fano, *34 
Mtiroodidts pi 2 
Murosm &tu bmrv J arum, 55 b 
Mulls -Sec / r ntorrbit 
Mid brain l Hi gator 417 : 

Cramata, 87, 07 * 98 : Cytw 
rephutu* 35 Hog fish 190, 
191 818 : / pt natodus for 
tin 800, 3 »L Oallus ban 
An a 481 . 3 acerta, 371 
1 epu 688 : l epus cum 
ruin 610, 511, 618, 3 H 
Mammalia, < 71 PitrotaU 
pemtxllala 678 : Ratio 880 : 
Bephlia, 414 lachyglos sw 

aculeatus 678: torpedo, 804 
Mid-digital remiges (olumba 
Ima, 486, nr 

Middle bisil Uaiithode\ 166 
Middle t ai - S( < f> nipinu 
c ivity 

Mid gut See Mest nteron 
Mid kidney -See Metam phros 
Migration Proboamdea, 6 ofi 
Milk-duits Cow 687 : Dxdxl 

8 ys, 687 : JTalwaturus 
7 : r achyglo sui 687 
Milk-teeth C «rms /ann/iem 
668 : Mammalia, 661, b^>* 
Probostridea, 003 
Mdler's rhumb 2O1 
Minimus Tetrapod 81* 
Miocene Dipnenati, 203 

malm, 518 5*>9 57*. 57*. 

376, 381, 384 39- 593 394» 
590, 397. <*>2 009 oil, bI5 


Mxodamnm, 567 
ftftodamn, 307 
Mtohxppus, 503, 391 
Mitral valve f epus cumrulus, 

Mxtsuhxmna, 170 
Moa -See lHnomithida 
ifarliharadea, 603 gog 
Mtmtkenum, 608, 608 
Men Uhertum andrewn 609 
\fota, 261 , 275 

Molars, Bomdaa* 660 : Ctewo- 
dactylus , 680 : lhltatkm - 
dtum 666 , 657 3 )elta* 
thendium pretrxtuberculare 
633 . Dxdclphoion, 668 : 
Dilambdodonta, 666 : LU 
phas maxunus 610 : / oti- 
tatxops 680 : l qun 690, 
668 : Homo 660 : Homo 
galax f 590 : Hvdtocharrus 
680: llyrackyus 680: 

Hyracothenum 580 : I epus 
cumculus, 488, 495, 30 r 
/ oxodonta afneana 610 : 
Mammalia, bn* 664, 666 , 
037 Maatodontoidea, 600 : 
Melanodon 656 : \ 3 iouUcn 
us, 656 ! Mai it ken urn am 
drawn, 609 : Oinxthorhyn 
chus 325 Paltrow a stodon 

intermedium 609 : Panto- 
thena, 656, <>37 Pensso- 
dactyla, 5*0 690 : Phxomia 
0 barm, 609 : Pctamogale 
656 : Primates, 333 Pro- 
boscidea, oo> 3 Hiloutcus 
h in 548 : Rhtnocero 590 . 
Rodentia, 620: bciurus 
080 : Symmetrodonta, 656 : 
/ 1rniolabi s 320 J apxrus 
590 : 3 itaiwthmnm 590: 
Tnoonodonta. 656 : in 
lophodon 609 : I itvlodn 
longavus 520 / at an 

656 : Zalambdalcstt 656 
Mole— St c lalpa / alptdu 
Molge, 340 
Molguhdtr >3 

Mollymawks Set Dwmcdin 
milanoph) 

MomtUda 4b* 

Mon asp id a 1 30 
Alonaspn kmi 
Monitor t ndicm 411 
Monitors, 38b 402 423 
Monkeys 530 
Monkfish 177 

Monodaclyloui foot strm turc 
Perusodaotyla, 389 
Monodelphia- Slo Eothena 
Monophy odont dc nlit ion 

Memmalia, ft,.* 

Monotrtmata bee Wotothena 
lofdacta 1^4 ijH 131 

Mormyrmdea, 2^ 


Mormyrus cabattu* 856 
Moropm t 399 
Mmfm ctatus, 668 
Manila, Wmmmahn- (»bj 


Pro* 


Mosrhtna 602 
Moschus, 602 
Motmotsr -bee Mouatide 
Mouth Amphiorus 42 *, 41 
44,66,67: Am,464: Ba- 
lanoglosms 8 , { Lephal - 
aspix 127 C ephalodxwus, 

11 : Ohondnohtiiyw, 198 
L olumba Ima, 441 Oram* 
ata, 61 ,62 67, 82 . Dog-fish, 
178 L pxi eratodus for start, 

293 1ptatretus cxrratus 

148: HolooenhalL 217 

Homo, 875: Labrxchthys 
lit 2 1 epus cunxculus 501 

Ii«i^ 6 My line 
plutinosa 148 : Petromyson, 
1 ih Pettotny*.on flumatihs 
184: Pftrom\zon mannas 
188 . 3ihabdoplewa, 18 : 

S alpa 86 : S almo fano 23 O 
* 17 I otnana 7 
Mucous mds Cramata, 61 
Mucous mem brim Cramata, 
82 * 

Mullcndn duct, Amphibia, 352 
( aUorhy nihus antarctxcus, 
282 : Cnuuata. 121 * Dog¬ 
fish 196 : 3 pxntatodus for 

sten 301 Helooepliali v 223 

Urodela, 851 bee also Ovi 
durt 

Mulhtormts 
Mullet, * 0 i 
Multituberculata See 


ft 1 nodes Innnuts, 616 

Mus, 687 

Mus decumanus 666 
ftiu\ mxnutus 61 b 
Mus musculus 668 
Musde plates hnphtoius, 
42 * 

Muscle b Am, 47 b Ohon- 
dnohtbyeii < olumba 

Ima , 440 , 441, 444 Oram- 
ata, 87, 113 < rotalus, 481: 

Dogfish 66 . Iepus cum 
cuius 497 Metatharia, fihg 
Pitromyzon X 38 Rama, jif 
817: RU. 617: S almo 
fano ^7 Urodela, 317 
See Jsu 1 yt must Its J wt 
muscles 

Muaculai bands, Dolxolum 84 : 

Salpa dmotratica, 84 
Muscular layer A mphioxus 

42 * Cramata, 60 

Musculi TMpdlarts, / epus cum 
cuius, 604, 5 o-> 

Muscuh pectinati / epu unit 
cuius, 503 
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Musculo-cniantuus vein, Rana, 
882 : S nhmandxa monitor a, 

250 

Mask Deet —See Moschus 
Musophagtdte 402 
Alustehdee, 208, 575 
Mustehna 078 
■-Itts/t/fiS. 177 
Mushlus antarcUw** 80 
M uzzle j An ttropwdaa, 510 

Alyeetts See l/ini/ittcr 
Mvelcnccphalon Sec Medulla 
oblongata 
Myltobatida, 177 
Mvhobatis, 205 
Vy/orfow, 623 
Mylodon tobustus, 822 
Mylodonlxda, 621 
Mylo hyoid muscle, Aana 317 
Mylostowndee, 150 ihi 
Mytx oninus 1 mfihio i us 42 9 
Crouata, 00 
Myohytax, in 5 
Myology-—See Muscles 
Myomeres, Amphmus 4 L 42* 
44 , 46 , 58 : Cramata, 86 
Myomorjriia, tio 0.1 
Myotome—See Proto\ 1 iti bi 1 
AJuiaunthu t 214 216 
A/'iifflecoftius 542 544 
My tmecophaja b2 \ 02b 627 . 
028 

Mynnuophaga 7 ubata 622 
My rmecophag\det hi { 02b 
Myrmeeophagoidea, 021 
Mystaoooeti, ->>>4 5 s | 
l/viinfi, 14b 140 150 , 151 
3 fym* gluhtusa 148.150 
Myxinoiaea, 1-5 12 b 
Myxwoidei, 1 f h-t 51 
Myxopterj gu - St e Claspcis 


N 

ft aiis Anthropoidea, no 

Mammalia, 045 Primates, 
655: J ursius 550 

\ftnmppu s 50 > 

Narcobatoidea, 177 
N lies—See Internal n«ms 
Internal carts 
Narwhale See Dclphmxdft 
Niisil iptftyx want till 472 : 
Ayes, 485 : IJuu\ skull 76 
Brady pus U idattylus, 828 : 
( anis fa milan s 578 : Oet- 
aoea» *>bb < huoptera 552 
C olumba hvta 434, 4 4 b 
Cramata, 7 ^* < toiodtlus 

potosu* 407 : < urtaht 408 : 
basypu u xctmtus, 827: 
Uasymu* 588: DMoptnax 
iraxlh, 287 : Equal, 602 : 
(ilolnoetphalus 582 : Ilolop 
tyefous finningi, 228 : Homo f 


519 


561, 5<>2 tchlh] aphis 

eluUnon >,845 : hhth\osh H a 
884: / acerta, 881: 

LemnroMea, w lepioUpts 
bronnt, 257: It pus cum 
cuius, 492, 404. 485. 500: 
Mammalia, 089 : Mvrtneeo 
phaga t 027 : Osteolepis mat- 
rolepidotus, 280 : Phastolo 
my s wombat. 580 : Moc/enw 
cunjuimmu, 585 : iWvJMfMfs 
278: Primates, 5*M Pro 
cavta 615: Protothena, 
Sib Ratia, 811, 512 S ala 
mandra atra 845 : S alma 
Jana 2 fo 241, 241 244; 
hi 4 S phtuodon 
1 hnnaxodon liorkmus 
ft Uylodon longtrvu\ 
liopidonotus nairn 
408 Xeuarthra, o»h 
Nasal capsule Su Olfactoiy 
capsule 

Nasal caitdagc Dogfish 185! 
OrnUkoxhymhus 527 : C to 
lophus 201 

Nasal Livitus \ptny\ 471 
17 b Homo 075 " latnltt 
S7 2 878 : Muxut if 1 
Kept ilia, 11 ■> S ci/ on oulta 

atm 845 

Nisil fonlanedc Mono petal 

iclithw tapkfidrlal 1 107 

Nasal ghnds 1 actrta 873. 

Ptlrmiy -on 148 
Nasal pi ou ss le pH s 1 umntlus 
404 

Nastl septum 1 (pus mnuulus 
500 : fut\ lodon longL u 

519 

\a«,il spine Homo >0 2 
Nasil tube Mwint ^lutmosa 

150 

AffSff/l , n *) 

Naso buual giomt Ohond- 
nehthyes, 10 4 I >»g fish 17 S 
\ W) h\pophj si il opening 

Anaimda. 1 \ t Oeohal- 
aspidomorphi, 1 -0 1 tphal 

aspis 127 

Nasopalatine tinil 
tuuiatlus 500. ^ol 

Naso turbinal piocess 
t month%\ 404 485 
Nmiulu Biadipus 
t\lu\ 880: Cefius tlaphns 
647 : Basypub snitucfus 
881 : It/uu^ cab alius 648 . 

M act opus 541 : Mammalia, 

04 b Me sohx x 648: Phal 
anger, 540 : 1 tpusiununlus 

500 : S us s uoja 048 : Jot 

sius, 55 K Jetxa]KKJ 80: 
Ittiemuodon apihs 044 
Neck, Omuata, itpus 

cunuulus 502 
Necturus 44 b ^7 


1 (pH 
/ tpliS 
U xdat 


\(t,turui macvhfui 228 
Neobahena margmaia, 584 
Neoenatha * 41*0 
Nfohippauon, 

Neo-pallium, WtinwiaH^ 072 
A eoplagiaulax 521 
Reopterygn, 15^, 226 2ji*-26f 
Reomtthei, 4^5* 1W1 

Ncphndiopoie Amphio\us 48* 
Nephndtum Amphioxus, 41 , 

44 , 40 , 48 *, 56 

Nephiostoiut Qhimftnelitliyea, 
211 Cramata, 180 : Pana 
824 , \ 2 7 

Nirve ganglia ippendiculana 
22 : I stidia 14 , 16,17 18 * 
19 , 22 : /fsrrrftri 1 roi«bcs»/tf 

28 : AimOiaoea, 27. 84 

t tphalodistxis q U; Doha 

lum 24 , J7 85 , 80 : s alpa 
26 , 27 , 87 : Salpa dt mo 
ctalua 24 

Nirscs rclaUon to suintles 
ios 

Ntisous s\stem, Amphibia, 
15 * imphunn 48, 50 
\pptndintUoia -b lscidia 
rs* Ayes, 47 « t tphalo 

Jist it q ( ditmba lu a 

11 h Cramata, 05 * JK>k 
hsh i«k> Enteropneusta, 

(1* J fun dolus faxstu 
inn 1 ict lift 171 1 (pH 

1 irifif if /11 5 > j Mammalia, 

671 7V/» »mi rn 140 

7Am<r 12>, Srr/mr fana .pi 
Sk itc 1 >( 115 

Nmus ttfnun ihs Cramata, 
in 4 * 

\ tst ling cl mn Ayes. 41^ 

( alumla h it 428 
Nists Aves, 47) < vlloialui 

I7<> lhomtditttxulin 17) 

J Hamden inlginosa 4711 
Di mudnt uni w phi 1 171 

Mt^tipodius | to tUtki 
ton it 47 > S hulhio 171) 
Nfiuil irih Uxpinsn 272 
( htmtna moxistxosu 218 
( yluml a fo m 488 : Cram¬ 
ata, 67 , 71 * (xotodilu 
400 : Dogfish 179 , 1S0 
1 pun a tod us IntsUxi -u-> 
H«fe«®phali f 21S 1 an Ha 
4sh 858 : Hilfiospondylit 
h uuni 170 171 : Pttionn hi 
max mu 185 , 188 : Amu/ 
p* 808,818 : Beptiha, 30» 

S alma fauo 288 : Sr>i»i» 

ihmus, 800 : Urodela, 141 
Niurdl canal, 4 ri^f»v/ 281 
Unphxoxus js* 54 : Cram¬ 
ata, bb 07 : Dog hsh 178 : 
\l\Atfie 14^ Peixom\ m oi 
hi annus 188,144 
Voural cavity Cramata, n< 

I epus cunuulus yoiy 
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Ntaural Blind, Avidia 14,18, 
17. 18*. U: A'ctditi coin 
posit*, 28: Axctdur tun 
pint*, 2 j s 28 Dotiolum, 
27 a Salpa, 87 

Neural plate, Aciprnser tuth - 
enui t SSL : (hdone myda s, 
402: Dog-fish, 190, iho 
Neural processes 1 Jog-fish, 
180; Pltwatanihus dichtm, 

175 

Neuial spines, Aitpensei, 281, 
272 : Cetacea, 5&s ( him 

tara moaUrosa, 218 : ( ifKO 
dilus, 400: dog-fish 179, 
180 : i pirnatodus fm ten 
295 latnta, ^jS 859 : 
Lepui cutaculus, 480 : Pah/ 
osponth lus gunn i 171 
Vleiutuamihus dtthuu 175 : 
Python, 898: Kami, 860, 
\io S ahno fnno 289, 240, 
248 

Neural tube, Craniate, 68, 69 : 

\t\une glutmosu 150 
Neural /ygapopliy sis, Salma 

fm 10 , 289, 240 

Nturontciu canal, Uuph\o\u\, 
54 : Amidiaiwi- 10 * 
Ayes, 4 S 2 Chondrichthyea, 

Jll MnmmalMi ) oh. 

lhina 880, n» 

Ncurixdh, . Imhhitnus 44, 
49 *. 51 Aacidiaeea, * 0 * 
Chondnchthyaa, 210 : Crani¬ 
ate, gs Enteropneuata, (• 

i picei tdotlu 9 /01 sfrw 30 -> 

Hyotremate, 211 

Vuincidiiiuni, Itaii/hodi * 
157: Acanthodn, 1 56 

Craniate, 77 * / iitr;/« t(*> 

l/nrm/i taluhthvi utpkndo- 
labt 167: T alert \pond\lu\ 
h hhiii 171 Petalichthyida. 
105 Pmfriis anguutas 844: 
S almo Jaiio , .40 
Neuiom ast\ Chondnehthyea, 
20 b Craniate, no* Dog 
fish 105 * iislics, iikj 
Neuron, hnphiouts, 41, 44, 
3 h* 50, 58, 58 : Chordata, 

Ncuiopoit Dii/iAioyms, 49*. 
50,5* 56 : Amdiacea, 10 * 

(Ian lima, 80, 81 
Newt*- - Sec Afo/ s i 
Nk trialing nieintuani, Chond- 
ndhthyeip 20 b t olumba 
lma t 426, 127 Mammalia, 
f*75 Reptilia, 110 
Night-jais Scr C&primulgi 
Ninth rramal nti\c Sn 
(dossnpliaryngral unve 
Non riteiduate placenta uKS* 
N 01 tli Amt in an Water newt 
—See A riturn* maculatus 
Nose, Anthropaidea, 559 


Nostrils, Anthropoid*, 550 
C olumbalmct, 426 ,427 442: 
Craniate, ha - Dog fish, 17 b, 
Callus banhtva , 481: lck\k\ - 
ophu glutmsa, 845 : 
Lemuroidaa, 500 \J\ wwe. 

I 4 Q Pahtont&cus mat to- 
pomus, SB? : Peliomysoa, 
142 : Frtromyon fluuatihs, 
146: Polypterinl, a 52 
Polvpterus , 278 : Pohptnu t 
torAir 288: Pteraapido- 
morphi, 131 s almo farm, 
230 287 : Jut sun 55 b 

\ of acanthus bonapaUu , 265 
\otadiaphorus, 5O0 

Nothoaauria, 3S5 
Nohctauuto, an5 

lotidanoiflea, 170 

Vo/jr/mif/i 17 O 
A ohoprogotna, 571 
Notochord f r»/> »\n, 281, 

272 : -1 piift/vstouiff, 848 : 

Amphio\us, 41, 43 *. 44, 58, 
54 56 : ^/’/»/ndicf«/ana 22 : 
1 stuha, 88 : Aaddiacea, ^1 
84: Am, |Si. 484 : 
lialatwplossus, 8 : < alio 

thxmhu* ant at Units 220: 
( tphalodistus 9 11: 

(himaia uwusUnsa, 218: 
Chrondnchthyea, ioq 210, 
an Chon^rostei, a 1 
Chordata, 1 * (lavellma 80, 
81 : Craniate, 87, 68 *, 69, 
71, iaj Dor hsh 179: 
Dohohtm 85: Enterop- 
nraate, >* Qinglymodi, 
2 ^ Larvacea, ai* i 
tat glutuwsa 150 : PeUo- 
w\ on, 1 \) 142,146: P'tro- 
m\zmnnaunm 185.136,189, 
144: Plnti atanUtu, dithttn 
175: Pnstnnus 209 • Pi t)tt Us 
anjuuus, 344: Ptero- 


branchia, a Rhabd *- 



s alar, 245 : s/>cA tfes, 848 
Notochord il ianal F munnmhi , 
68 a 


NotiKhonlal cells Craniate, 68 
Notochordil (junju Macro 
pitaluhlkys 1 ibhadolubn, 

187 

Notochordal slie<ith v f aptnsei, 
281 : Iwpktoxus, 43*. 46, 
58 : Craniate, 68 , 69 * 
Nolochoidal tissue. Ampin* 
outs, ^ i 

\otohippnia >71 

Notoptemdea, a-jS 

\otapteius a^S JO5 
\otopiuus hapnat 286 
\otoitns, ^70, 474 
Notoryttes, 51a 
Motorycles tyhlops, 584 


Notin vett da, 542 
NoMylopidtr, 571 
Motothenum, 53 } 

Notothenum m itch tilt , 687 
A 'ototrma, 35a 
Nototremn marsupiatum, 858 
lotomiaiilate, 570 
Nuchal plate, (t<htdo lulana, 
401: Ptmthth\odt\ t i<m 

S maid a, pit 

Nuise UouncU- Sc*c Mutlrlu 
\\ctic(bu*i l 5->7 


(> 

OAR-ribifLS aox 
Oblique muscles Ghondrkeh- 
thyea. 20 3 Craniate, eye 
ns* Dogh*di, eye, 192, 
191 liana 310, 817; 

Skate, eye 115 
Oblique septum. Am, 445: 

( olitmba livia , 442. ||5 
Ob'Oetiu toad -bee llytr s 
obslitncans 

Obturatoi foiamen. 4 lltgatoi, 
409: Pa \ pits itu metm, 
581: Uatmatuius ualabtUus, 
588: laenta , 884, 365 
I epus tuniculus 408, pw 
Onuthorhnichus, 527 : S<i/n 
niandra, 840 

Obtuiator notch, (olumba 

luna 482, 488 

Occipital bone, f olumba Itvia, 
435 LfepHs eun»cir/ns pH 
Oicapital eanal, Anna talva, 

Oi 1 untalcondyle, Inashookas, 
478 : Iptei y\tnantilh, 478 : 
Am, 471 ( allothvathus 

antanticus, 220 ; ( <iw/s 

/am/iam, 578 : Cheloma, 
loo Chondriohthyea, 2 ch> 

L olumba livia , 484, 4^5 
C rocodilits, 407 : Dasyuru s 
589: Dog tish. ihr /»is 
rioo^ci, 405 : / 662 ; 

Holoeephali, a 10 Laby- 
rinthodimtia, 337 laenta, 
300 861 : tnnutilus, 

491 492, 10 ,495 : M\im- 
tophaga , 627: Pm ivc in, 

615: Z'h/ocnri/s /nan 

548 : liana, 811: Sala 
war 6 n aira, 845 : Sn/ntn 
jar to, 230 ■ Sphrnodoa, 404 : 
I ackygto* «s aatleatus 629: 
1 topidonotus tiatnx, 409 
CXciintal ciest Alairopetat 
uhthyx 1 apheidolabts, 167 : 
Salmo farto , 240 
Oi t ipital nerves, Craniate, 192* 
Occipital nerve foramina, 
A amthodes, 167 
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Occipital plane, Cants famih - 
tfm, 642 : Homo, 842: 
Lemnroidet, 563 : Mammalia, 
On. NS: Popfo. BN: 
Phastolarcios , 642 : Primates, 
363 

Occipital region, Craniate, 71 * = 
Dog-fish, 181 : Mammalia, 
(141: S&lmofana, 240 
Oct ipital rib, Eftceralodu v jot - 
Afcri, 295, 286 : Protopterus, 
806 

Ocupital segment. Craniate/ 

Ocwmito, 461 
OrMomi/*?, 620 
(hfacRrmus, 25 * 

Oculomotor nerve, Craniate, 
102, 103 * : Dog-fish, 100 : 
bptceratodus jot sten, 200 : 
Petromyson f 142 : Petromv - 
son niannui, 141 : skate, 
116 

Oculomotor nenc for.mien, 
Dog-fish, 180, ibi 
Ocydroinus, 470 , 474 
Odobamtd*, 57 ft 
Odontaspidtr , 17 O 
OifimtoAprv, 176 
Odontoblasts, Craniate, 88 * : 

Mammalia, 050 
Odcmtoceti, 581 
Odontognatkte, 433 
Odontoid, Primates, 5 '*° 
Odontoid bone, trocodilu s. 400 
Odontoid piocess, Artiodactyla, 
587 : Cnondrichthyei, 200; 
lacerta, 358 , 860: /*/>«* 
cuntruft/v, 480: TJrodala, 
343 

Odontopteryx, 477 
(Esophageal artery, /tanci, 321 
(Esophageal divertic ulum—bee 
Notochord 

(Esophageo-cutanoous duct, 
Lptatretus, 149 : EptaUeUn 
arratus, 148 : Myxtne, 140 * 
My\ ine glutmosa, 160 
(Esophagus, Appendiculuna , 
22 : A scidia, 16 * ■ ( efha- 
lodtstus, 11: Dog-fish, 164 , 
186: lacerta, 8 M, 888 : 

1 epus cuntcultt r , 602, 60S, 
60S : Mammalia, 666 , G 67 . 
Peeora. 867 : Pkocana, 088: 
Ptychodera bakamenw, 6 : 
Rkabdopleura, 12 : Salpa, 
26,87: lujtle, 412 
Okapi, 002 
CHkopleura , 19 *, 22 
Oil-gland, Columba lma t 42 ( 1 , 
4 ^ 7 . 448 

Olecianon piotess, Lacerta, 
364 ’ / t/>us cufiicu/us, 499 : 
Omithorhynehus, 627 
Olfactory bulb, Alligator, 416 : 
CaUorhynchus mtarcticus, 


221: Ctfuie, 678 : Ohm- 
riofathyes, 205 : Columba 
ima, 440, 460: Craniate, 

99 * : Dog-fish, 180 : Epi- 
ceratodus fonteri , 200 , 301 : 

K 22 X: Lacetta, 
71 , 878 : Upi- 

: I epus cunt - 
cuius, 608, 509 . 610, 611, 
618 : Omilhorhynthus 

anahnus, 874 : Petrogale 
penictUata, 878 : Petro- 
myeon, 141 , 148 : Petto- 
myion mannus, 141 : Pseudo- 
pkycts backus, 878 : Rana , 
818, 325. 328 : Salmo fano, 
240 . 250,251 : 7 achyglonu s 
acuhatu*, 678 : Taleosftei, 
280 

Olfactory capsule, Aupenser , 
272: Cartilaginous skull, 
72 : C him or a mowtrosa, 
21B : Chondriohthyes, 20b . 
Craniate, 71 *: Dog-fish, 180, 
192, 186 : LpipetaUehthy 4 


wtldungensis, 186 : Laceita , 
861 : Macropetahchthvb i aph- 
ndolabts, 187 : Petromyrm, 
137 *, 148 : Petrommu 

marinus, 185. 138, 188: 
Pmlopleru\ 80S: Kami, ®S3, 
811, 312 Salamandta atra 
846 : Salmo Jin 10, J 41 
1 adpole, 818 

Olfiutorv cumiiiissuie, Mam- 
malu, (>71 

Olfactory fossa, Homo, ^12 • 
J rpns lumcujus, 496 

Xenartha, 028 

Oltactoiy lobe. Amphioxus, 

40 Craniate, N, 90 * 

J'pwciatodus ]oi\tm, 800, 
301 ■ Petvomyzon, 141 ,142 : 
Petromvzon tnatinwt , 141 
Olfactory mucus membrane, 
Mammalia, 075 Piitomy- 
son 111 : balawandra, 111 
OlLutory nerve, Craniate, 
10 Pehotnyson, 142 : 
Pelt omyson mat mm, 141 
Olfactory nene foniimiiii, 
Craniate, 72 *: hmys emu 
paa, 406 : l epu$ 1 untculun, 
486 : vSa/flmfl«dra atra, 846 
Olfactory organs Chondrieh- 
thyss, 206 : Lolumba Inna, 
A 50 : Craniate, 111 : Dog- 
nsh. 194 : J.acota, 372 
/tana, 325 

Olfactory peduncle, ( allot- 
h\uthu* antarcticus, 221 : 
Dog-fish, ISO : bpiceratodus 
lonteri, 800,801: Holooephali, 
221 : Lacerta 870, 371 : 

Lepus cuniculus,, 309 - 

Pseudophycis backus, 279 : 

Teleostet z 8 o 


Olfactory piL, Ampkioxus, 44, 
48,50 

Olfactory region, Craniate, 
71 *: Lacerta, 878 
Olfactmy ndges, Homo, 875 
O lfactory. g i_> 

iltt*«t4ayis t 199 • Dog¬ 
fish, 18% 218 : Petromyson, 
142 , 148: Petromyson 

marinus, 188 : Rana, 325 : 
Salmo fario, 251 —See also 
Nasal cavities 

Olfactory tracts—See Olfactory 
pedundeB 

Olxgocene, MammaHa, 516 . 543 . 
569, 57 2 » 575. 577. 5«3. 584 . 
59i. 592, 593. 594. 590. 598. 
600 , 609 , 6 x 5 , 620 , 024 , 
632 

01 ivar>* body, I epus cumcnlus, 
313 

Omentum—See Duodeno 

hepatic, Gostro-hepatic om¬ 
entum, Great omentum 
Omostemm, Rana, 814, 315 . 
818 

Onnkippuhum, S93. 595 

Onychodactylus, 442 

Onythodectes, OiO 
OosjKrm, Ampkio\us, 61 : 

Avea, 179 

Opmulai, ( heuolepis, 228 : 
(kondiosUui atipenscrvidc , 
281 : Coccocephalus wildi 
282: Ihplopttrax hailh, 

287 ; Lpueiatodus fonteti, 
297 ■ Hcluhthys elegatis, 
280 : Holoptyrkius flemtngi, 

288 : J eptolepis bronnt, 
267 : Ost role pi* man oh pi- 
dolus, 286 : Pal/rom sat 
macropotnui, 227 ; Pol\ 

278 : Protoplerus 
* Pirttckthyndeb, i(>s 
Salmo fano , 287, 241, 

■ Sfbast6* percotdrs, 

Operculdi fold, Aves, 463 
Opercular rays, ( kmerra men - 
straw, 218: Holooephali, 
-*19 

Oj>ei(ulum, Balanoglosms, 4 * ■ 

( ephafoducu*, 11 : Cnmi- 
ate, 02 : / pwaatodus 

fotsten, £ 86 , 296: Holo¬ 
oephali 217 Salmo fano, 
236 . Teteostei, 207 
OpUdia, 878. 586 , 569 , 39 \ 
425 passim 

Ophthalmic arteries, Pog-lisli, 

188 

Ophthalmic nerve, Anna calra, 
108: OhondrMlitliyei, 192 
Craniate. IBS, 104 ** Dog 
fish, 182, 198 : Mono 
jj falichtkys raphetdolabis. 
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jQphthabmc nerve foramen, 
CaUorhynckus anlarctoeus, 
280: Dogfuh, 181 

Sabmandra atra, HI 

Qpilthoraeloiu vertebra, 
AinpMMa, 344 Atm, 4 <#> 
mtarnkm* VeboiW, 
271 

Opuikocomus, 4 oi, 466 

Oftthaml, 26 i 

Opwthotic, Atm, 415: Bony 
*kull, 76 : Orapittt, 75* 

C kefone my das, 400: Cob 
umbo hour, 435 : Lacerta 


3 bo, Ml: Mammalia, 640 
Salmo fano, 242 
Opolemw, 55 b 
Opossum--See Dxdelphida 
Optic artery, Manopetaluh 
thys laphetdolabis, 107 
Opts capsule- bee Sclerotic 
Optic cmakma, ( olumba hi in 
4M ; Dog fish, 191 I at 
etla , 070, 872 : Lepus turn 
cuius, 512: Petropah 

pmxnllata, 678: Puna, 
826: / achvglossus aculeatus 
678 

Optic cup. Craniate xi|*, 
115 

Optu foramen, Apteryx man 
tilh 472: Atm, 485 : 

( hmtna ntonstroma, 218: 
t fumata 7 -* Dog hsli 

180, ibi J aierta 861; 
lepus cummins 482, 49 *, 
485 : Metathena, 530 , 
J^ifnrnrus/o/111,548 : Rana 
811: balamandra ati a 845 : 
Su/iuo salat 245 : ladpole 
818: Iiopidotiotwnatrix 408 
Optic lobe AUi^afm, 415 : 
f nlloihxnchus antuictuus 

221 : (olumba ima 449 . 

460: flmuata, 98, on* 

Dor fish igi I acuta 809, 
870, / rpHlosttw, 880 : 

I ipu tuuicullis, SM 

Mammalia, (<71 J^tto 
mvzon , 110 142: Pttio 
myzon mat mu s 141: Pw udo 
phxcis bat kit* 278 : Pana 
818, 5 * 5 826 : S almo fano 
248, *49 250 

Optic neivcs, t allot hynchits 
antartficus, 221 : < olumba 
Ima, 451: Oraxuata, 102 , 
iu*\ 112 Dogfish, 190: 
J putratodu s jutsten 800 : 
Ganoidb, 2 S 0 Holocephali, 
222 1 opus Luntculus , 512 : 

Pelromy *on 148; Pitto 
nnzon wartnus, 141: Salmo 
fano 250,251,252: Teleo- 
fltu, 280 

Optic nerve foninen— Sec 
Optic foramen 


Optic n ce*s, Lai Mu, 872 
Optic stalk, Oramata, 115 
Optic tbalami, Craniata, 08, 
99 * Dog Mi, 191 Holo- 
eephali, 2 x 0 lacerta, 571 
1 tpus cunxculus 511, 512 
Optic tracts, Columba hvia, 
440: Lacerta, 870, 371 
J tpus eunttulus, 511, 513 
Salmo fano, 250 
Optic ventricle, Oramata, 88 , 
99 * Pana, 888 
optic voside, Qranlata, 1 x 4 *, 
115 : Lepus, 088 
Optocoele, C olumba hot a, 449 
450: Dog-fish, 181: La 
rerta, 571 Rana, 325 
Ora sonata, Cimista, 112 * 

Onl aperture Appendiculaua, 
22: AsciJxa, 13 *, 14, 15 
Asndnf composite 28 ; As- 
cUlaoea, 84 : Jfoholutn 24, 
85,86: Pyxosoma 28: S alba, 
87 : 'talpa demon at\n\ 24 
Oral hood, Amphxoxus, 41, 42 *, 

4 $ 44 

Oral lobes S alpa demon atun 

Oral plates, PUuispi s 10 strata 

182 

Oral sphincter, 4 sndia 19 
Orang Utan— S< c Pongt 
Orbicular, Itpus tttnn ulus 497 
Oibital plate (tlumha hvia, 
484: Drepana pis gemun 
dtnsi* 188: Plrxaspis to 
sttata 182* 

Oibital process, Atm, 485 : 
t olumba Ima, 4 JO 1 .idpole 

318 

Orbital sinus, Dog fish, 188 
Oi bito nasal foramen JpU m i 
mantclh, 472 

Orbit ivsphenoid Atm, 485 : 
Bony skull, 75 : Oramata, 
7 b* Homo, 561; lepus 
cummins, 492, 40 ^ 496: 

jffammqlin | 039 ; W» ) 

fano. 242 ,244 

Dibits, AnaqndA, id An* 
thropoidu, sw l ptern, 
472 Aw, 17 : Carnivora, 

,77 C tfhaia\pi\, 127 
( lunahu retuulatwi, 166 : 

Otanuta, 71 * < lorodi/w- 

497: binormthiAa 471 
Dug lisli, ibi 1 pipetaluh 
thy v vildungt nsis, 186 : 
Halmatuiw; ualabalui 588: 
Homo, 502 Uhlhyophis 
gluimosa, 845: Lemumdea, 
564 Mtitfoprtaltokfhys 

laphetdolabis, Iff?: Mam¬ 
malia, 059 Phoetrna tom 
munis, 585 : Pohptetus, 
278 : PnmatM, Pter- 
aiptdomorphi, 131 Salmo 


fane , 241 . Jarsius , 557 , 
559 

Oica gladiator, 581 
Orectolobtdir, s 76 
Onctolobus, 177 
Orfodoa/idcr, boo 
Oiifntal Tree Shrews -See 
7 upatxda 

Origin—See Distribution, geo¬ 
logical 

Ormthiiehia, 390 , 4*4 

3Q-, 

Onuthopoda, 49^ 

OffnthoxhynchMi 525 , 827, 530, 
658 , 674 

Oifft/AojAyurAu' 524, 

674 

Ornxtkosuihidtr ^7 
Oro branchial area ( ephalus 
pis, 130 * 

Oxohippus , 595 59i 
Orthopoda, 

Orthotomus, 479 
Orycteropus , 032 660 
Onrfertipi/s rap^iiws, 688 
Orvoleropu gaudryx, 653 
Os cloacae --See Hypoisduum 
Os coidis, Vngobta, (>71 
< >s uten, J epus cuvuulus, 515 
OitarioplxTai, 201 

Osteocramum See ‘srtondaiy 
cranium 

Osteodcntine 83 * 
Opteoglomoidea, jy 
Osteolepida , 287 
Osteokpis, xib 2 h 7 , 880 

wiario/i/urfo/tt?, 2M 
Osteonrad, 125 , 12 b 
Osbum tub# 2 itnacnda, 678 
Oxtracion, 261 
Oftmoodermi, 125 
Ostnch -See S ttuthio 
Ostrich South American Su 
Rhea 

Otamda 5/0 

Otic pnK« ss Atm, 485: 

C olumba lu t a \ 5b Piofens 
844 : Pane 809, 
510 , 811 : Tadpole, 818 
Otida \ 461 

OtcKyst, tppendiculana, 28, 
27 /Mrn/tfl, 88 : Doholum, 
*7 

Otolnnur 557 

Otolith, Oramata, 117 * Dog 
fosh, 195 Salmo fatto 258 
Otter#—See Mustelxder 
Otter Shrew—See Potamoeale 
Ova, Amdiacea, 28 28 : Atm, 
479 ( arthannufer, 208 

C hxlobianchus, 2 hi Ghon- 
dnchthyM, 207 ,212 : (. 1 ona, 
28: (.olumba hita 452 
Craniata, 122 l>og fibh 195 
198 ljnaratodus jorstm, 
301 , 808: OaHus banktva , 
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480, 488: Homo, 678 : 
h hthyophw glut mo sa, 888 : 
Mfciwwiali*, 67 Q, 680: Mutit- 

hdte, 208 Prototbette, boo 

liana, V 9 Salma fat to, a 5 ) 
SomnioWi, 2 oh 

Ovarian artery, Pishes, 90 *: 

/ fpus rvtuculus, sob 
Ovarian veins, Irishes, oi* 

I ipus cunuulvs, *>ob 

(H ar> Aphendu alarm 1 S 

Asndut, 16, 18 Asctdur 
t oviposit#, 88 : Isndxa 

nmbhtes 28 ( ephalodihcus, 

g U : Ghondrtehthyea, 207 
C olumba hvia, 451 468 : 

Crania ta, 122 Didelphxs 
doisigtra, 686 : Dog iish, 
185, I 95 i 188, 207 l)aii a 
lum 84, 2 h Eateropnetifte, 
7 * Lpmiatodus Jot sin 1 
joe, 808: Homo, 679 : 
Iacerta, 869, 874, 371 

f tpidosttus zbJ 1 epus 

wnicuhis, 615, 51 o Mam¬ 
malia, 077 Myunt, 151 
PiUomvzon matiuus, 189 1 
Phasrolomx ? uombat, 686 : 
Pm osonia, 2 b liana 888, 
I 2 i> bahno /i?Mo 2 «j | 

s alp* Teleoatei, 2 S 2 
InchoMtits 685 : Uro- 
chorda, 2 b Urodela, 861 
CAidmt 4ituta, 881: Am¬ 
phibia. S 72 Isncfta lb 
iphaiodistus o 11 : Chon- 
dnehthyea, 207 c olumba 
lum isr 468: Craniate, 

II h Dog iish, 101 196, 10 b 

1 pmratodus iorstcu, («u f 
102: Enthena, 678: 

Ganoids -b 2 1 aiotUi, 869, 

874, 175 1 i/ndosUm, 881 : 

1 1 pus c huh ulus sif» Mam¬ 
malia, O 77 « 7 b 070 luma 
888 , 320 Smelt 2 b 2 

Urodela, 861 

Oviparous M«wwmHtt t ihjo 
Beptllia, 41 b 
Owls- Ste Stt i h 'ida 
Oxen- SeeBovoidea 
0\\vn\a, 676 
Owcrnida 577 
Ozyaanoidea, 57 b *»77 


V 

pACUrrOBMlDJ - 
Paihynnlopkus -,94 
Pen h\0\tius lb' 

Pacinian mipusdcs Craniate, 
log* 

J '<* dogf n< ms I wbl\ town 

hguntunt, y } \ Amphibia, 
353 


Painted SnifK Set* Ho ha- 
dulidtr, 4hi 

Paired fins, AotinifUa, 2 88 
DbneoiU, 290 Lpunaio- 
dus Joritm, 294 BMpi- 
distia, 285 Teleoatei, 2 uq - 
See also Pectoral \ Pt Ivii 
tins 

Palaanodou, 624 
Palanodonte, 022, 024 
Palcruspida 12b 131 
Paheoccne, 518, 

342, 544, 5 bb r 5 <> 8 , W 57 
573 , 570 , bi6 
Paiaothtrophtyx , 551 
Pulaagnatha, 4<>f> 
Paluogyrtnus, 345 , 886 
Paiepog)nHu& duotus, 886 
Palepomastodon, 607, bob 
Paleromasiodon inter medxus 

609 

Pahromeiycider, bo 2 
Paltraniutda, 229 
Palmomecoidei. 220 
Paltrow sc u s 22b, 287 , 229 
Valtfomstus maitopomus 287 

Falmopterygu, 15^ 
PaUBoapandylia, ha mi ibo- 
171 

Palaeoapondyloidea, 12 , 12 b 

/Vi/m ttspundx lus 1 ji 1 
Paltrospondyliix titnnt, H»g 

17* 

/Vi/m 580 

/Vr/rf<j//uj<to/i» 594 

Palate, JhpUtu* i ahncutuusi 

888 : Enthena, 54 1 /*/»«' 

t unu ulus 495: Metethena, 
53b Paaaenlormea, 17- - 

Sn* also Hard palate. Soft 
palate 

Palatine laas h m has 478 : 
\ptt}\ \ nmnttlh 472, 478 : 
Aver, 486 : Bonj skull 75 a 
Carmatse, 472 c ams iwml 
unis 578: t he low muhis 
400 : Cheloma, job < ot tm 
luthua 484, ft'* Craniate, 
- 7 * (>oautlus 407 : 

<n tam 408: Cryptnn, 

47- hlobtucrph ilus 688 : 
Homo, 661 : Jthtfo aphis 
thitmosu 846 : Jthihyo 
\tn f a 884 : f act>la 881 , 
Hb2 1 cpus limituliii 408 : 
Mammalia, 680 : Vytwtt i 
phaga 687 , 628 : Ophidia, 
fuf (hmthmk\nchu 687 : 
Pehogalr pemutlata, 540 : 
liana, )io 811 , >12 Hath 
ta, 172 S ahua fat 10 , 841 , 
2f2 844 : s phtnodon 404 , 
405 1 achigfaosus aculeatus, 

580 : / hrimnodon horhtnux, 
888: Umgaim, 

619 : hopidimofu nahn, 
408 : Urodela, 344 


Palatine foiaimna, Atuts 
boschas, 478 : Ltpu% cunu ul- 
u% |95 Omtthorhynchus, 
627 : town, 648 : 

Irttylodon long#vus t SI9 
Palatine nerves, Craniate, 108, 
104* Dog-hsh, 108, 188 : 
Macropitahchthys rapheido- 
tabu, 167 

Palatine plates, Orooodilia, 4 oS 
I rpus cun\iulu\ 486 : Mam¬ 
malia, XenarUua, 02 b 
Palatine piotess, Ltpns cum 

rului, 494 

Palatine tooth, ( altorhynchu s 
antautmn, 220 \ Lpicnato 
dm 800, ’07 Hdlo- 

oephali, 816, 219 . TQuetta," 
Salmo fano 23(1 
PaUt optei ygoirl, / pu c ratedu < 
fvtsltn, Mt 

P datoptt r> goul Ixu, Tadpole 

818 

1 Miatontorygold legion S ahno 

M/m, 845 

1 ’al.itoquddidtt, luptnut 
278 : < allnth\nthtn anturc 
fit us 880: t aTtiUnmoiii 
skull 72 : (rshacunt, 201 
( himcrra numxhasu 218 : 
Chondnehthyea, 200 201 

Craniate, 77 J )0 K 180, 

ibi, 185 : 1 ptauitodus fo> 
sttn 885: Hiphanthtts 
20 ? Ht unit kits 201 
Holooephali, 21 S Paint, 
s pondUus 1,101111 171, 17 
Phut acanthus dulnnt 175 : 
Pntioplttits 80$: liana 
do 311 : Saint 1 fa*to -\ 

I 10 lop has 801 

Pala1oc|iuidi<]U c utila A i 
}tanth «h 157: Cmniate, 

7 ,* PutUpitm 805 

Pallium Craniate, 08, in 

1 putnttodu in u 1 1 (no 
Teleoatei, 100 

Palinai HCsaiunKh Protothena, 
Pan , ,tt 

Pan tn hn/ytr 588 
Pan* ii is Chrondnchthyes, 
•o*) (oluwba him 442, 

4 it Craniate, 67, H|* 

Dogfish 184 , 186 : lislws 
89: / lutrta, 366, 867, 869 . 

/ tpus tunuuhn, 696, 504 
M\ w nt, T 49 Peh omy on 
11 < liana, 818, 819 : 

Teleoatei, 27 b 

Pantitatu duct, < olumba him 
448, 44 4 1 rpus tunuulu , 

608, 50 4 Haita 819 
Pamnatic juice, 84 * 

Panda Sec A htrux )ul«en s 
Puny (wider 

Pangolins See Phohdota 
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JtHHQrihHs, 02 J 

rutodfintau ^ 

Pautolambda ^OH 
PankdatHbdida, 508 
Paathotharia, 517 * ^8, in* 

•M, °’7 

PdtnUaP, Ptlromyxon fluuatihs 

Papin 5*9,642 
Papio anubts, 566 
Parachordals, Cmnlata, 7< k * 
71 : Sa/wu salat, 245 
F la m m les r ofam&a hwa, 4 19 
Dog fish in, 205 I tshcs, 
Q 7 * / acerta, 471 Mam- 

nillia, 67 1 Petromy *ah 
141 Kami, a 2 5 
205 

1 iraconc Mammalia, 064*, 
<>57 Permodactyla, 
Paiacomd, Carnivora, 6A4 
J^anfibula Matathena, 
Pamhippmton 59* 

Patahtppus 593 “>Q4 
Paramy xinc 14 S 151 
J u iplrysis Cramata, 90 * 
lautti 872 


] irapuu a) c ye, Cramata, o j* 
Pin^uncal organ Pth mt\ ntt 


Paripopbyws input u 281’ 
S tthtn fatio 289 
Pu ipsul skull 870, -177 
Paiiqu ulratf Sri Sqiidinosil 
Puasplunnul Input r 27 - 
Aves, 486 : Hum skull 76 : 
( olumba tiua 434, Mi 
Cramata,/** 7 punatoius 
1 it tin 296 : Jihtk\osti h a 
384 I tit tit 1 400 , 361: / epla- 
Upis b* min 267: Polyp- 
mf 272 : Protothena, s-h 
A mu 811, ii 1 ^alamandia 
it 1 it 345 . S r/jm / m - p> 
- j - 244,248 : / fit tna 1 irfr»»i 
/i i hunts 382 : Urodela, 


Pu isplicjmul ii Kisiinin Aval, 
\ 7 £ 

J’«u rsonn 11111 ms l/< any 1 

046 

J uivmii i^s Artiodaotyla, 
5 S 7 Mt*on\\,iu 646 
Pircnccphili Su (i 11 hill 

lu imspluir s 

1 ’ate net ph ilic lnlx s St e 

c cubial kuimphtios 
I’mnial tan Amphibia, n- 
Purnus, 159 
Patnus incutm 168 
Put tea aw it 17s 
Paneldl tptuw mat ttUi 472 : 
Aval, 436 : l*my skull 75 : 
htadxpus Utdarlylus 029 : 
Cam fmmhans 578 
1 ruhtn it luaatus 547 : 
Cataoaa, •>*> ( hetrolepis 

VOL. II 


888 : < hthut multi 406 : 

®Wao< otiiHtphalu 

h ildi, 282 : 1 /tt m 


484. ms Cramata. 71 * 
Orooodilia, 4°7 Ciocodilus 
potosu , 407 : Deg/ws wi- 
rtarfus 627: /biMunu, 
689 : Diplopia a\ Uailh 
287 : J mys europaa 406 : 

f tfuw> 662 ! tilobioccphalus 
682 : tlolopl\chius fttnnnji 
288: Homo, 601: Hhthyo 
phts Juttnosa, 846 : Ich 
hyostega, 884 : / acuta -)Gn 
861: LcptoUpts brown 267; 
I epus tunuulus, 492, 4 H 
495: Mammalia,689: Man 
atus senegalensis 612: Mvi 
wccophaf-a 627 : Ophidia, 
40 \ OsUohpi* manol 
pidolus 286 : Paltrintt tus 
vtturopomus 227: Photmu 
t miniums 686 : Pohptaus 
273 : Ptouatu 615 : S ala 
wundra aha 845: ^tilm) 
Jana .40 241, 2\2 Sliania, 
f>u S phnudm 404, 4 <>s 

Un may odon hot him 1 882 : 
hopidmotus natnx 403: 
Urodala, su 

Pam til arteiu s Po^ fish 1 S 9 

Panetal for 11 m n / acuta 3 O 0 
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PaniLal organ Cramata, 98, 
no* / amla , I27— Set ilso 
Pin&il t\p 

Parietal segment, Cramata, 
70 * 

Pirocnpital process, A piny \ 
fttanulh 472, 478 : Carrn 
vora, 177 578 J Unwind 

539 : / jhm 682: Itpn 

tuntrulu* 492, 4 (M tt5 : 
Pflrtt»alf JiniLiUata 540 : 
Piot ana 616 : Pnmatei, » 

Pirotu process I am to ^110 
ISiotvl t,liml> / (pus utu 
talus 501 

Faroloid ghnds Amphibia, 


Paro\anum l act it i t 860 
Piirakccts Scr Platutnu 
I’airots—See Psithuus 
Pawr 4 O 2 
Pamnformei, \(>* 
l*atigium < )nouph ilu* 551 
Mammalia , t» y p 
Pitilld, lohunba It ta 489: 
1 epus cuniculm too Mam¬ 
malia, (>4 i Otmthmhuuhit 
527 : Protothena, sv> 
Patella ulnans, Penguins 171 
Pathetic neivi Su Liuchk 11 
m rve 

Pauiuh—Sec Rumen 
Pavo |Gi 

Peacock- St< Paio 


Pecexnrs See J agmmtftir 
Pecora, 600 , 601 809, 667 

(H)l, O 92 

Puten < nhtmbit Intel, 450 
461: t accita 371 
Pectineal process 4 ptrryA 
amttahs, 476: Avei, 47 b 
Lalius betnkiva, 477 
Pertineal tubeide, Dasypus 
wcinctus 681 

Pectincns muscle Kama 817 
Pectoral append iges, PUru h 
Iky odt s 104 

Pec Ini'll arch See Pectoral 
rprdlc 

Pci total ortcrv, ( olumba Itita 
447. 448 

Pcitoial fin, A cipi user ruth - 
wms 280 : Aotmopterygn, 
78: imia calva , 286: 

( natulu 78 : Chondnob- 
thyes, 198 (tadodm 78 : 

c ladonlachr, 78 : Cramata, 
78: Paityloptcnda, 269 
dogfish 17 b 188: 1 pten 
atnlus lot stnt, 297 * IviM- 
lanhii, 17 ^ L Aoceltda, Jbtj 
Plymfrfishis 269 living 
Gurnards, juq Gad 11 
ntonhua 260: Ginoid* 
.z (>9 Gctnuendma \tuitsi 
170: Ghpuciphaius cyno 
tfossu 28v : Hippocampus , 
269: Hypotmnata, 175 
Iohthyotomi, 174 Isospon 

dyli, 269 .1 ah ich thy s p uta 
cula, 290 : / cpidasit ns pla 
txstomus , 288: Osh anon 
261 : PU uracanthus , 78 : 
Plfiurotremata, 17 s Poly 

pin us 274: Polvpteius 

bichn 282 : ProtobUms 
805 : S ilmo fatio, 288, 287, 
2 M 246, 247 s it istts 
jt (aides 260: Teleoitei,78, 
2 i >9 Utolophus 201 
PiLtutal girdli Acmithodu, 
154 J mhl) stoma, 848 : 

manteth 475 : 
Aval, 474 Brady pus tndac 
tylus i> 2 ) tamps 388: 
( 11 malt 474 Cheloma, job 
Chondnchinyei, 202 Chon- 
droitei, 27 \ ( ncmiot »»% 

17 \ ( occusteus dtcipnn , 

181, 1 O 2 1 olumba hi tu 

1^6 Dasypus se\cuirtu s 
628 : Dicynodantia, 881: 
J)iplac(inthus, 156 : Dog fish 
188, 186 : Idtstosumus 
888 : Logyrmus 888 : 

I picei atodus jorstu 1 286, 

297 J usthenopUton, 888 : 
Gemuendma, 108 Jlesperoi 
ms, 474 Huaetavora, 
Labyrmthodontia, H 5 1 * 
ceitn 860, 363 I opus 

. 1 * 
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cuntculus, 497 * —i 1 **, 

643 : MMatheria, 539 : No- 
forms, 474 : Oeydtomus, 
474 - OpUdia. 40 b Pfl^v- 
mmu, 474: Palceospondylus 
gunm, 171 , 17s: Mh- 
thjida, ibj: Peiophaps, 


474 Plesiosaurus, 800 : 
PUuracartthus deckem, 175 : 
Protoptena 806: Proto- 
thsria, 548 * Kama, 814: 
Rabkus, *74 474 

^a/afNanara, 848 : 5 aimo 
frrio. 848: lalpa, 548 : 
Nboitei, 274 Tetrapod, 
80, 81 * UrodeU, 34 ^ 

Urdophtts, 801 

Pectonuis muscle, Columba 
Itvta, 440 , 441: Rana, 817 
Pectoral sinus, Cephalaiptdo- 
morphia 126 

Pectoral spine, C limatius rtii 
culaius , 155 : ( occosteus 

dectptens, 181 : Diplacan- 
thus, 155 

Pectoral vcm, C olumba Ima, 

447 

Ptdetes, 621 
Pedetes cajfir, 818 
Pedicle, Proteus angutnus, 844 : 
Rana, 30 b, 809. 310 , 811: 
balatnandra atra 845 
Pedumlati, a 6 i, 867 
Peduncles of cerebellum, 
(olumba hi ta 450 
Peheanilonnei, *<>i 
Pelecans -See Pelecanus 
Pelecanus, 4 G 1 
Peltephihda , 624 
Pel ml arch —See Pelvic girdle 
Pelvic cartilage, Pleuratanlkus 
deckem , 175 : Polyptirus, 
874 

Pelvic fins, Actptnsn rutkenus 
880 : Ama mlua 885 : 
Chondriohthyei, 19 H, 808: 
Craniate, 77 : Dog fish, 17 b, 
184 : l ptceratodus forsttn, 
887 : Oadus niorrhua . 880 : 
Gmuendma \turUi, 170 : 
Glyptocephalus cynoglo'sus 
888 : Heterosomata, 209 
I augta, 26 b / eptdoslt us 

platystowus, 888: Polyp- 
torus, 874 : Pdypletus 
bichit , 888 : /hto tadtafiAw. 
809 : Whig /urm, 286, 2 \H, 
848,848: Sibastes percoides, 
880 : Teleostei, 269 , 275 

brolophus, 801 
Pelvic girdle. Apteryx , 47 -) 
Aves, 475 OhondHehthyi, 
203 c olumba Ima, 488 : 
Craniate, 77: Orooodilia, 
400 Oryptun, 475 Dog¬ 
fish, 184 : Lpumatodus for- 
sfcti f 297; Holooephall, 2 i 9 


Lmrtfllii 408 h / epus ami- 
ca/ur, 499 ; Palaospondylus 
gunm, 171 S Plesiosaurus, 
885; Pohptems, 275 : Rana, 
814, 313 Salamandra , 848 : 
Tetrapod, 80 Urodel** 347 
Vrolopkus , 801 

Pelvic vein, £/>iMraforfiu /or- 
sfcri, 300 * Lacerta, 007, 
368 : Ame, 888 , 3 a 1 


Pelvis, Alligator, 488: OsmU 
VOTE, 579 : Mom* 544 : 
Chekmla, 408 : Cttroptera, 
554 - Dasypus soxandus, 
881: Homo, ^5 = Inaecti- 
fora, 550* Labyrlntbodon- 
tia, 315 /s^a. 884: 

Lycanops, 884 : Necturus, 
347 . rhocana communis, 
586 : Prdaemon, 884; 
Prototheria, 530 Syrenia, 
613: Xenanhxa l 63 i 
Pelvis of kidney, Mammalia, 
677 

Pelvistemum— See Fpipuhis 

Pelycoeauria, 878, 3 &\ 884, 

424 

Penguins, 475. 476, 48b -Sec 
also Aplenodyles, I tidy pies 
Penqumu> impiunts, 471 
Penis, Avas, 478 . Gnelonia. 
41 b. Orooodilia, 416 . Lepus 
cuntculus, 514, 515 • Mam¬ 
malia, (177 
Penns, Ayes, 468 
Penladactyle limb, Craniate, 
03 I etranod, 79 *, 80 
Pen tailed Tiee Shrew- Sti 
Ptilocercus loam 
Pentlandta, 293 
Pendandta macropterus , 881 
Ptfjlrstes , 522 
Peramele s, 552 , 058 
PerameU s 001 

Peramelidtr, 511 , 532 , 534 
PoAjiwt, 32 , 

Psremis, n- 
Perasplax, 

Perfl/Jienum, 531 
7Vrc<i fUniatihs, 106 
Perches -See Perea, Pnco- 
morphi 

Perching mechanism, C olumba 
hvia, 

Pereomorphi, 261 

Pcrenmbranchiate Urodda, 
14 °» 34 4 

Penbranchial cavity- See 
Atrial cavity 

Pericardial rd v lty, Oramafta, 
6 b Dog-hsh is<) Mam¬ 
malia, rn : s almo fano, 
247 

Pcncardul fluid, lepus cum - 
cuius, 505 

Pericardial membrane, Lepus 
cumculm, 504 


PeHcardio^peritoneal canal, 1 

Dog-fish, 186 

Pericardium, Atm, 440 : Col- 
umba lima, 448: Omniata, 
87, 68 : Dohdum, 87: 
Lacerta, 366 , 887: lopui 
cuniculus, 508: Petromyion 
marinas, 180: Pane, 818, 
319 : Sdpa, 87 
Perichondral ossification, 

ChaBteta, 75* 

Perichondrium, Craniate, 75* 
Perichordal tube. Craniate, 08 , 
88 * 

Perilymph, Craniate, 1T7* 

T aorta , 374 

Penneal gland, lepus rum-^ 
cuius, 514 ,516 

Pcnneum, Mammalia, ( 169 *, 
077 

Penophthalmus, 163 , 278 
Periosteal ossification— See 

Perichondral ossification 
Periosteum— See Perichon¬ 
drium 

Periotic, Cetaoea, s»6 basypm 
sexemetus, 827 : I ih s figru, 
578 : (ilobiocephalus, 582 : 
Homo, 501, 362 7 a/*ms 
cumcu!us t 49 (, 496 : Mam¬ 
malia, 639 , 640 Jfiina/its 

senegaleitns, 612 : PAgcmnu 

cotf/mnnis, 585 : Sjrema, 
61^ / iopidonotus nab n, 

Pcriphaiyngtal Kinds, \ntphv 
oins t 44 * \pptnihinlaria 
22 : 1 scuba, 18, 19 : 

4 set due compOMta 28: 
Doholum, 24, 25 L&rv&cea, 
21* Salpa, 25 
Penphaiyugeal gioovt, 

Asctdni, its* 

Penphai yngeal ndge s 1 sc iJta, 
iG* 

Pmptychida, 5 G 7 
Penptvchns „ 567 
Perhnodactyla, 51 b 5 1 *>. 5^7 
588 , 3 S 0 * 391 . G 91 , 692 
PentontM 1 aperture, Anna, 
281: Lacetta, 874 
Pentontum Craniate, 87, 6 b* 
lepus tumculus, 504 
Peris it * lime mcmhi ane, 1 ntp 
hunts, •>! 

Ptrlt uUda, 

Firliulu , 2 v> 

Permian, Acanthodli, 134 
Actinopterjgii, 225 Am- 
ftlbia, HI. H 5 . 337 B 330 
Dipneustip 293 tohtnyo- 
ftomi, 174 * Mammalia, 5zb 
Pleuroptarjrgli,i74. Reptilia, 
379 . 3 »o ( 381, 384, 387, 424 
Perodicticm, 557 
PeronJBus musdto, C olumba 
Urna, 44 T Rana, 817 
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566 : CyeMurut, 6132 Deuy- 
pm sexdnctus, 6tl: Dta- 
iiapkonu, HI: Dipus, 
547 : MvMm,59j ■ tywH, 
502: Gorin*. Hi: Homo 
566, s®B: BvaMldM. <>n : 
Hyracotkerium, M: /.«- 

£!«•<«, 365 : LonmUsa, 
356 : fJput mteuluf, 500 : 

Macrobus, Oil: Mammiha, 
643-649: WiH2*^«l«,OIO: 
Muoktppus, 50B : Me tony', 
644 , HO: Fodandaotyli, 
387 , j 8 q: Phaimger, 540: 
phohxppu*, 815: Pong*. 585: 
Vrimana, 360 : Protofnppu^. 
80S: Protoroktppus, SOS: 
/Vrniu, 538 : Tetrad/mo¬ 
tion, 644 : J'hoalkenum, 645 
Po&sulus, Columba hvta. 444 
PataMchthyMa. *5A '54. ^5 - 
167 

Petaiodonhd/r, 174 
PeUturus. 333 
Petrels -See Proceltarui 
Petrogale pentallata, 540.878 
Petrogdle xanthropus, 586 
/’ifKWIlW, ID3, I06, 111, 
1 14- '17. ' 48 . '5* 
Petromyzon fluvtaitlis, 184,146 
Pettamyzon martnut, 134 , 185, 
188. 180,141,144 
Pehomyion planer 1 , 134 
Mrousfnuu. 125 . '■»<>. *47 
Petrosal, Cat&rrhini, 640 : 
Equus, 640 : Inseotivoza, 
HO: LemnmMet, 840: 
Mammalia,640: Platyrrhini, 
640: Primates, 640 : im- 
sii.s, 640 : lupattdtr, 640 
Petrous portion of penotu, 
Mammalia. ft|» 

Pexophaps, 402 , 470 , 474 
Phatthon, 4(11 

Phalacrotorax, |(>l 

Phalanger, 334 , 540 
Phalangenda, 53 *, 343 
Phalanges, Katana, s&<»: < ol- 
umba hvta. 487. 488. 480 : 
Itwys furopaa, 400 : 1 tits 
leo, 590 : Gontta, 565: 
Homo, 565 : 1-cpus cuntculus, 
40 Q, 300 . Ponge, 505 : tn- 
tothsna, 330 : Tetrapod, 70 *. 
80* 

Pkanetopleuron, 203 

Phan crop teuton andetsom, 881 

Pharyngeal bone, Labrubthys, 

Pharyngeal nerves, Craniate, 

Pharyngeal region, Craniate, 

Pharyngeal sac, Dottolim* 25 * 


Pharyngobranchial, Acipenser, 
878 1 Bony skull, 78: Cartil¬ 
aginous skull, 78 s Craniate, 

KLJSEtt ”*■ “ ! 

Pharyngohyal— See Hyoman- 
dibnlar 

Pharyngdepis, lj* 

Pharynx, AmpMoxus, 41, 43 *, 
44,47 : AffemhcuUiri't, 88: 
Ascidia, 14, 15 *, 17, 33 - 
Aaddiacea, 22 : Asctdt* 
wmpowta, 88 : Cephalo- 
discus, 11: Craniate, 67, 
Hi* : Hog-fish, 184 : Hobo- 
hw, 84, 25 *: lepus 688 : 
i cpMs cumculu*, 501 : Pyro- 
toma, 86: Rana, 318 : 
Salmo fat io, 247 , 848: 
Satpa, 89 
Phaseogale, 532 
Phaicolarctos , 312, 54 U. 648 
PAasco/aurtos cinmus, 684, 
666,686 

PhabcclttUs, 588, 5 2 3 
Phoicolomyida, 535 
Phascohnnys, 532 
Phascolomys mttehelli, 685 
Phascdomys wombat , 589, 085 
Phascolotherium, 521 
Phasianus, 461 
Pheasants- See Phattanu* 
Pkenacodonhda, 5C; 
Phenacodus primaries , 567 
PAtomta other**, 606 
PMycttrvaspis, 1 O 0 
Phoca vituhnn, 580 
Phvcana communis, 585. 668 
PAoeititf, - 57 b 
Phohdophouda , 885, 23O 
PhohdoUcus, 1 O 0 

Pholidota, 51 #. & 31 *-* 

Phonicopterus , 4(11 
Phorozooids, Doholum , 30 * 
Phosphorescence, TeleOffi, 270 
Phrenic vein, Lqfrws c HJifewtes, 
507, 508 

PhyUoapondylia, 333 . S30 
Fhyllospondylous vertebra, 

Pkyseler, 584 

Pkysetenda, 584 

Pl^rsoclibtic lungs, Teleostei, 

Physostomatuus lungs, Tsleo- 
itei, 87 

Fhyfostomi, 271 , 278 , 282 
Phytosaunda, 387 
Pw mater. Craniate, ioi* _ 
Salmo fario , 851 
Pitas—See 7 agomyida 
Pictda, 4 C 2 , 474 
Ftaifannes, 462 
Pigeon—See t olumba hvta 
#l Pigeon's milk / 1 4 s - 1 
Pigmentary layer, .Sa/jiio /ono, 


Pigment cells of eye, 


Pigment spot, Amphtoxus, 50 * : 
simpUets, 27 

Pigmy Whale—See Naobatana 
marginal* 

Pigs—See Saida, Sus scroja 
Pikas—See Othotomda 
Pikes, 258 , 276 
Pilchard, 258 
Pihsa , 623 

Pineal apparatus, Craniate, 
99 *: Laceria, 870, 37 X : 
Petromyion, 141 
Pineal area, Petromyzon 
fluviaHlu, 184 

Pineal body—See Pineal organ 
Pineal eye, Amph\bolnru% 416 : 
Anguts, 416 : Craniate, 96, 
09 *, 115 *: lacerta , 371 , 
4x6 : Petromyzon , 141 ,148 : 
Petromyzon martnm, 141: 
Beptilia, 416 : Spkmodon, 
111 , 416 : sphemim 

punctatum , 415 : Varanus, 
41 b 

lineal eye stalk, Sphenodon 
punctatum , 415 

Pineal foramen, AniipMa, 131 : 
( ephalaspts, 127 : Dtplop - 
iriiiWi, 887: Ho/opfrcA- 
iU 5 flamingi, 888 : Macro- 
hchthys rapheidolabis, 
: O&tcolepi6 maaolept - 
dotes, 288 

Pineal organ, Alligator , 415 : 
('a/iorAyMcAu« aw/ar^licus, 

880, 881 : Ceteoea. 38s: 
Chondriohthyea, 206 : Co/nw- 
6 a bvia, 448, 449, 450: 
Craniate, 61, 62 , 87, 98, 
99 *: Dog-fish, 181 , 199, 
191 , 198 : Eptceratodus for - 
stm, 301 : HoSMAali .222 * 
Iacerta , 304 , 371 ,878: 
fimiwbs 489 , 510 , 511 , 018 : 
Mammalia. 638 , 671 ; Psfro- 
g 0 /s pencxUata, 678 : Rana, 
325 : Salmo fan®, 248 , 240 , 
250 , 231 : TotrajKxl, 82 * 
Pineal peduncle—See Pineal 
stalk 

Pineal plate —Loccosteuc deitp- 
u*w?, 181, 162 : Hemmd - 
asp 15 murskisom^ 187 : 
Heterostcut, 168 : Pteraiptc 
rostrata, 131 , 188 : Ptench- 
thyodes , 103 

Pineal stalk, CaUofhyncMus 
antantieus, 281: Dog-fish, 
105: HniomoMt, > 22 : 
J-efus cunieuhu, 111, 510 : 
Rama, 335 ,100 

Ptrwl p iH a. 573. 575. 575 . 5»*. 
663 

Drpo, 347. 354 

P*pa amtneant, 33 s, 555 
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Pipe-fishes—See SvngnalkuUr 
Inform, Alligator, 400 ; 
Bradypu* tndactylui, 880 : 
mmmmm* OroeodUla, 
409 Dicynodontia, M: 
Cquus caballns, 888 : (Jo t* 
gonopaia, 888 ; Halma- 
turns uatabatus, 888 : 
Laceita, 884 : lepus cun 1 - 
eu/ut, 499 : fi |h 

Mesonyr, 810 : 
a»tc&ts, 885 : Njoomria, 
888: Primates, 565 

Sphenodon, 408 : J alp*, 
840 : I apina tndtcus, 647 : 
1 et raped, 80: Ur*us amm- 
ctinus, 570 
PithtcanthrOpus 559 
Pitheaa, sso 

Pit organs, Unut talon, 108 
Ihtuitary body, t allot hynihus 
avtantuus 280, 881 : 

Tows878: Chondriehthyes, 

20 b ( utuvibi/ hi in, 448 : 

Craniate, 87, «*)*, 71, 84 *, 
OB, 99 * I>og-fish, 190 ,101 
Holooephah, 222 laieita, 
870, 371 , 878 : /«/»«* 

rzoziru/us 510,518: Patio 
gah pcmctllala , 878 : Pi bo 
nty on 141 ,148: 886 : 

Satmo fat to, 848, 849, 850, 
251 

Pituitary foramen, 1 « pu s cunt 
cuius, 493 

Pituitary fossa, Aves, 485 : 
Bony skull 75 ; f allot 
hynchns antautifus 280: 
Cartilaginous skull 78: 
Craniate, 70 * Holocephali, 
219,222 Homo 581: 
cummins * 03 , 405 : Meta- 
ttaerla, s*>> 

Ihluitary invagination, /m»a 

embryo, 880 

Pituitaiy sac, Cr&nmia, 67, 
84 *: JIM net, 119 Pr/io- 
myzan, 148 148 : Prlto 
myzon man nit*, 189 
1 Macenta, Ascidiaeea, 28 *: 
( halt ules, 410 Euthena, 
54 t J epus cummins, 517 

Mammalia, 884, oss 
Matatheria, 31 " Ptwmchs, 
Mni Reptilia, 410 s alpa, 

87* 

PU enta vera 688 * 

Plat ental villi J epus t unu ulu*, 

518: Mamminia, 884 
naomtdtt-See Eutheria 

Placodes of Lateral-line 107 * 

Placodu*, 383 

Placoid stales, (13 Ohondneh- 
thyes, w Dogfish, 177 
Raja bland a, 84 
Macula form, Aawdiaees, *9 


PlatianlaooUea, 320 , 521 
P/agisuJaj, 521 
P/ogio/opAus 393 
Plagtomene , 534 
Planeiethermm, 334 
Plantain Eaters —See JWwso- 
phagtda 

Plantigrade foot, M*wnwilb ( 
643, 048* 

1 lastron, t helodtna, 40 1 

(Ariose mydos, 402: 
Chetonia, 398, 491. 402 
(istudo hit ana , 481: /)*r- 
maforArivs 402 5 £A<vrgis 
402 Tr'tudo lovertagu , 301 
Platalea 401 
Platamstida, 334 
P/ffteosotirWA, 300 
Phitycercus, 462, 471 
Platyrrhmi, 559 .040 
Platy snia uiubtle, Rat, 617 
PlatywmdiF, 229 
Platysomus, 229 
Plectognathi, 201, 271 
Pleistot ene, Mamnirii^ 31 b, 
343 # 5 ft 9 , S 79 371 . 592 , 393 , 
303 59f>, bob 
Pit siadaptdcc, 3 ,<> 

Plesiometa carpal, < euidu (102 
Pleuoftuna, 377 , 3 S 3 

/Vi losaums motion hhulus, 

885 

Plesippus 391 395 
Pit lira, Avefl, 445 : ( ohtmba 
hua 411 * 

Plenraoan t h o dii Set Iohthyo- 
tomi 

Pleufacanthus 78, 79 
Pleut acanthus decluni 171 

175 

Pleural mimhiane J ipus 
mnicuhis, 309 

Plcuial ribs, PoHpUtns, 272 : 
balnw Jano , 288 : Teleoitei, 
271 

Pleural sat J (pus tumculu* 
508, 3 f, 9 

Phuraspidothcrmm , 367 
Plcuiodont tuth, 410 
Plenropterygu, 132,173 4 
Pleurotremata, 173 , i7 h 
Pilot ene Mammalia , 318 , 371 , 
302 393 S95 000 
Phohippus, 39 h ‘>93 845 
Phohvtax , biy 

Plumuke, Aves, 480, 40b 
f olumba lima, 429 
I*neumatic bone s, J />/rry 1» 
17 b . Aves, 47 b Uucero - 
ht/ar, 476 ( ohimlni livia , 

140 Penguins, 476 
Pneumatic duct, Teleosta, 
278 Sfl/mo fano , 248, 249 
Pneumatu foramen, ( olumba 
Uvia, 487, 449 

l*neumogastnc nerve-—bee 

Vagus nervt 


Pocket Gophers—See Osomy* 


461 

PodWpifcmef, 461 
Patbrothmum, boo 
l*oison, 0pU(U«,4» 

Poison apparatus, (rotalus , 
481 

Poison-duct, t rofa/wr, 481 
Poison glands, Hetodnma , 4 T 0 1 
OphKua, 410 Silunda, 270 
rracAuitu, 270 
Poison bar, ( ro/tz/ffs, 481 
Po/artfNfAut, 391 

T’olar btar— See arcr/of 

Pollex, Carnivora, 379 Homo, 
3 b 3 / aterta, 304 ■ Lemur-, 

oidea, 3 <>o letrapod, 81 * 
Polyatpida, 139 
Poly odon, 230 262, 270 
Polyprotodont dentition, Mstip 
theria, 639 S arcophilus 

utsmus, 880 

Pblyproiodontla, 5 V. 3 V 
Pcdypterini, 79 , 232**1 
Polypttms, 87, 22227 232 
2 j 3 , 207 , ttA, '( 19 , 271 , 872, 
278, 274, 27 b, 27 b 2 bi 
PolypUnts huhv, 282, 284 
Pongt, 559 , 565 
Pongs satvrus, 564 
Pons Vanoli, ( a ms 672 : 
itAiis tuHuuhts, 510, 511, 
512, vi 

Poil>eaglt Sliaik-Sie 1 atnua 
com ulu a 


Poriupims See HistrlocH 
morpha 

Pok upinr fish, 2bt 
Porpoises 'See ]>clphimda, 
Phourna t omnium s 
Port ]atkson Sliaik Sit 
Ht tcrodontus 

Portal systems s<t Htpata 
and Renal poitdl system 
Postaual gut Craniata, 67, 

8-l* 


] J ostaxial idtlials EuseUchil, 
173 Hvhodmtida 173 
PostcasaL vein Amphibia, 
319 < olumba lu ta 442, 

440,447,44*1 / piuratodus 

forstni 269, 200 1 atetta, 

866 , 867, )b8, 418: hpus 
(umtulu ,502,504, 3 u o. ^b, 
507, 508 : Mammalia, 600 : 
liana, 822. 42 , 824, 828 : 
balawandta waculosa, 850 
J'ostclas icIcs, Sfl/mo fauo, 246, 


Postduthzum Ihhchthys tIt- 
gans, 280 : i tptolepis btonvi 

257 : Tdaostm, 271 

Pustcnoi basal, Acanthodr s, 

156 

Postenor dorsal, PtmMhyode*, 

164 
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1 ’oitenor dorsolateral, Hrtero 
stem. Ul: PUruhikyodn, 

18 * 

Posterior lateral, Hetrro’tUm. 

IN: PteraspH rntiata, 182 
Posterior narts —See Internal 
narcs 

posterior plates, / pipetal - 

uhthy> wudungenus, 180 
l J ostenor ventrolateral plate 
Ptet tch thy odes, 164 
Postfrontal, CAwotoPi? 288: 
( Mon* my das, 406 : Ghelo- 
nia, 4 o 6 (hondrosteus acipin- 
serotdes, 881: ( occocephalu* 
wtldx, 282 : C rocodtlus poro- 
tiis, 407: Imys eutoptra, 
405 : Goigonopsia, 882 : 
Heluhthy* etegans, 280: 
Ickthyophi'i gluttnosa, 845 ; 
Ichthyostega, 884 : Tacuta 
861: S ph Hodon, 404, 40 ^ 
I’ostglcnoid piocess Homo, 
- Primates, yOj 
Postoril (lbatul liand loi- 
nat 1 a , 7 

J’Obturbital, ( hondrostius an - 
penieraide* „ 281 : <- occostius 
dectpiet ?<• 161: Ihphpterax 
it atilt, 287: Gorgonopma, 
882 : Uthchthxs rltgan* 
280: Hetirostiiis , 168: 

Holoptvchuts fhmingi, 288 : 
lihthvostig r 834 : l acerta, 
861 : Osteohpis niaao 
h pi dot ns 286 : JVffofijvftitft 
nuiuopomu , 227 : Spin no 
don . 404, 40 ■> / Anna 1 oifoa 

horktnus 382: Jiopidon 
otus natiix 408 
Pobtorbitd] bit, Equoidea, y»i 
Postorbitdl 1 anal, 1 jjjuv / «/ if 
108 

Postoibilil column, lc£rw- 
rAorfii 156 

Postal bit il pi (K c ss Irtpi nu « 
272 : Do;'-fish, 1 S 1 
Postinirguial plates, t occostius 
dicipun , 162 

J’obtmcdiin pldti, (octosttus 
Utcipienn, 161: Plmththy 

odes, I(>J 

Postnas il plates, 
ie ipitns, 102 

T'ostp itagium iptcr vi 468: 
( ohmba him 428, 427 ,441: 
Upisthocomus 486 
l’ustpabu proc c ss Iguanodon 
bftm marten sts, 891 
l\)s trostral JJiploptct a \ 

tiaiUi , 287 : Holoptxchius 
fltnungi, 288: Ustenlepis 
uiaerohjndotus 288 
Postflcipular fossa /1 pus cum 
culw>, 497 

POstsplonial, Diphptem 1 

tram, 287 : Uoloptychiu* 


fleunngt, 288 : Otirdepts 
inaorolfpidatu , 288 
itost-temporal'C hcirolrpts, 22 B\ 
C hondrostcus at 1 pen oroide*, 
881: (occociphalus u itdi, 

288: hptef ratodus for tin 1 
295* 297 Hflickthv* elegan * 
280 : Salmp tarto, 248, ^47 
NmM, 274 

Post-trenutic ner\ es Si t 
Hyomandibulai nerve 
Post-tympanic process f rpus 
cumculus, 402, 494 
Post/} gapophysis 7 at ti ta , 

858 : / epus t unit ulus, 
488 : Python 888 
Potaniagale , 545 656 
PotamogdUda ->45 
Pains caudivoli us 57 *} 

Powder doM n patchi s Ai di u 
467 : Aval, 40 b 
Preinal plate I an via 
Pre irticuUr ( \ nop no thus 
888 : Jhmehodon 888 : 

Scytnnowehits 888 
l*u< tudal itfnnn Chondnoh 
thyes, 200 

J^icaval sinus Dogfish iSq 
ladpolo V \ 

\\i cavil vt m Amphibia, 119 
(fllumba hvut , 442 , 448 , 
447 : Oisniata, 88 : 1 pt 
oaatodit (ot situ, 890 , )oo 
1 ishi s, 88 , 90 , 91 * 7 at erta, 
(Gb 7 rpus lunuulus, 504 , 
SOS n*h 507 Mammalia, 
(170 Harm 822 324 . 

^(ilainaudia maculosa 850 : 
Sabno fat w 258 
Prw omnussui il an 1 Mam¬ 
malia, <>71 

1 ‘ikoi 11 oid Dicynodontia, 
3 S 1 Jc.1npod.80 
lVwUntuv tootl Holocephab, 
215 

Predentata Sef Orthopoda 

1 S t dir.it il itnu^cs f ohtmbi 
Inta 426 , \\i 

Piehontdl ( htlont, wv las 

406 : ( locodxUts powsu 

407 : < lotalu , 408 : 1 im * 

tw op a a 405 : Gorgonopna, 
382 : Iththyophis s lutino\u 
845 : hhthyo h / 884 : 

laieita y>o 861 : Ophidia, 
404 s amnia it dm aha 345 : 
S phtnodon 404 / hnuttui 

don hoihimis, 882 : lup 
doriotus tiatn 1 403 

Pnlidllax, liana, 31(1 
lYomaxiUd In an botr/ias 

*78: Iprtn i manltlh, 478, 
*78 : Avm, *85,47« r<on y 
skull, 75 : ( win fanuhai is, 
678 : ( mtut ci jwlatus, 

5*7 : Cetiow, s«6 Lhnro- 
lrpf>, 888 : Chflone mvdas. 


106: Ohelonte, 407 (Stte> 
often, 55 * * couixtphalir* 
unldi, 888 : t olutnba Inta, 
* 8 *. 43 A 4*8: OnaMte, 
77 * ( unodtlui, #87 ! 

I tocodihti fotosut, *07 : 
( roialus, *08 Da*vpus 
t 087 : Dasyurus 

588: 1 mys cur op tea 405 : 
/f/«»s062 : (wadusmonhua 
260 : (ilobtocephalus, 582 : 
Gonrenopna, 282 : Homo, 
561: Jchthyophit glutmosa, 
845 : Ichthyostega, 884 : 
/ accrta, 861 : l cptolepis 
hionni 257 : 7 epus cum- 
cuius, 402, |Q| 485. 508: 
Mammalia. 669 : hUmatm 
uncgalensis 812: Myrmc- 
cophaga 627,628 : Ophidia, 
404 Onuihni hy nt hu*, 527 : 
Fftroqale pimnlluta, 540: 
Pha e colomy s u ombat 580 : 
Phot ana tonmumt, 585: 
Ptocavia 615: Protothma, 

5 Han a 800, 811, 11 /, 

318 : Satamandru atra , 846 : 
s ftlmo fuio, 246 287, 241, 
248, 244 : Saiqus, 276 : 

Staphognalhus, 888 : : 'eb 
ustrs ptrcoidts, 260 : 
Bnenift, Oil sphenodon, 
404, \o •} / achyglossu s 

acitlcatv 9, 528: 1 hnnat odon 
horhinus, 982 : Jntylodon 
hm,criut 9 818: Iropido 
not itt natn\ 408 : Xenar- 
thra ,6 6 

Prnmedian plati , Ptrruhthx 

odes if »3 

Premohib, I otitavop*, 580; 
Eqnoidea, sot 7 quus, 520, 
882 : Honwjalax, 580 : 
Hyiathyits, 590 : Huacoth 
tnufii 580 : Irpusninnu 
/us, 482, 485, ^01 Mam- 
nudia,bs 3 Onfi^AoiAwirAus 
s-’5 Penssodaotyla, 4^9 
590 : Ptilocrrcus lowti, 548 : 
Rhinoceros, 590 : Japirus, 
590 : 7ifaM^Affii4fif 580 

Pi enasal legion SceJfostnim 

Prcolfcictoiv nereis — Set 
Iermwali> nines 

Pieopircular ( htuoltpis, 228 
(octocept ilu s 14 tldt 282 
lHploptnas tnnlU, 287 
HcUtkthx s elcgan 280 
Hvloptychxux ftemngt, 288 
/ hlnyostiga, 884 : 7 

/c/ifs bionnt , 257 : Ovfeu 
/r^ti »i acrolepidotus, 288 
Palaonsscus, 11 k Salma 
fano, 287, 241 : SebaiUs 
pen oidf 260 

Puoiiil pit, Unpk%Q\us 56, 
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Preorbital, Cooposteus decipims, 
ML 169 : Ueterosteus, 168 
Prwmtel^jyertore, Scaphog- 

Preorbital process, Coccoslew 
impiem, ltt: Dog-fish, 
181: Epiceratodus forstsri , 
880: Protopterus, 805 
Prepatagium, Apteryx, 486: 
Columba livia, *26, 427 ,441! 
OpsrfjtaMia, 486 
Pnpollex, Bona, 808 
Prepubic process, Qhondrich- 
tfei is, 903 : IjiMfiorfon 

farwmarteitsvs, 881: Lactrta 
884 

Prepuce, /.spur tuntm/us, 516 
Prerostrai, Cheirolepis, 228: 

Coccocephalus wtldi, 888 
JPrM&yfis---See Cercopithecus 
Prescapular fossa, Lepus cuni- 
cw/us. 497 

Presphenoid, Bony skull, 75: 
Oiulata, 76 *: Crntalus, 
rniGlobioeephalus, 588 : 
//MO, 561 : /-SpUS CUMl- 
culus, 488. 493. 485 : 

Mammalia, 688 : Manat us 
senegalensis f 612 : Petrogale 
pmicillata, 540 

Ptespiracular nerve, Oraniata, 
104 *: Dog-fish, 188 
Presternum. Oetaoea, 585 : 
Ohiroptera, 45 -* • Inoeotivora, 

547 : Lepus cunicnlus, 491 , 
602 : Omithorhynchus, 587 : 
Mammalia, bjs: Bodentia, 
621 

lYetrem&tic nerve, Oraniata, 
108 . 104 * 

Prevomer, Ichthyostega , 884 : 

L'hrinatodon liorkinus, 882 
Prevoinerine tooth, Holoce- 
ptiftii, 31 5 

Prezygapopliysis, Lacetta , 358 , 
859 : Lepus cuntculus, 488 : 
Phocana communis, 585 : 
Python, 888 

Primaiy cranium—Sec Neuro- 
cranium 

Primary lower jaw, Oraniata, 
7®* 

Primary remiges, t olumba 
livia , 43T 

Primary upper jaw, Oraniata, 

77 * 

Primary villi, Mammalia, 686 
Primates. 516 . 554 — 566 , 840, 
840 

Primitive groove, Am, 481 . 
Sana, 331 

Primitive knot. Alligator, 417 : 
Lacerta, 418: Mammalia 

682 : Beptilia, 418 
Primitive streak, Aves, 481 : 

GaUus bankiva ,, 480 : Lepus, 

, 062 
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Pristidm, 177 
Priitiopkorida, 177 
PrisHopkorus, 198 
]*rislis, 198 
Pristiurus , 206 

Proamnion, Aves. 482 : 
Gallus bankiva , 480 : Lepus, 

088 

l 1 roatlai l Chamarieons, 400 : 
Crocodilus, 400 : Sphenodon , 

898,400 

Pfobosomea, 518. 603-9 
Proboscis, Balamglossus. 8 , 
8 *, 4 *, 6 : Cepkmodiscus, 9 . 
11 : Pterobranchla, 8: 

Rhabdopleura, U 
Proboscis-cavity, Tornaria, 7 
LYoboscis-ccelomo, Balanoglos- 
sus, 4 * 

Prohi&cis Monkey—see Nasal is 
IVobosds-pore, Balanoglossus, 
8, 4 * : Cephalodiscus, H ; 
Tornatia, 7 

Proboscis-skeleton, Batanoglns- 

*n«. 8 : Bnteropnensta, *•* 
PfOcavia, 613 , 615 , 649 
Procavudm, (113 
ProcMaria , 461 , 470, 477 
ProoeUariitoniM, 461 
1 Yocessus falciformis—Sec K«il- 
ciform process 

Processus gracilis, Lepus cuut- 
culus, 497 

Proruelous vertebrae, Amphibia. 
341 : Lacerta . 34 S : /ftwa, 
308. 800 : Beptilia, 308 
Procolophodon , 378 
Procoracoid, >4 iwMi'a/um/r, 846 : 

475 : A flew 1 man- 
mi. 475 : Aves, 475: 

< a-suattus, 470 : Chelonia, 
408: Ohiroptera, 552: < iV 
Xw/c» lutana, 401: 

889 : Inseotivora, 
*i fg: Lacerla 850, 463 * 

Salamandra, 846 : S truth in t 
475 : Tetrapod, Si*: Uro- 

Procreod£ 576 

Proctodeum, (olumba livia, 
448, 445. 458 : Lepus, 088 : 
Liana, 880, 331 
Procyonida, 375 
Profundus ganglion, Oraniata, 
102*, 104 * 

Profundus nerve, Oraniata, 
104 * 

lYonator muscles. Columba 
livia, 441 

Proncphric duct. Oraniata, 67 , 
u 8 , 120 , 12 i* : Jepidosteus , 
281 : Petromyzon, 144 : 

liana, 128 : Teleostei, 281 
lYonephros, Amphibia, 33a: 
Oraniata, 07 , 1x8*, 120 : 
Lptatretus, 151 : Tadpole, 
327 : Teleostei, 280 


Prongbucks—See Antilocapri - 

dm, BovuUea 

lYootlc, Aves, 485 : Apteryx 
manlelU, 478 : Bony skull, 71 i 
f’olumbe livia, 435: Onuri- 
75 * : Lacerta, 360 : 
nuuia, 640; Proteus 
aneuinus, 844 : /fane, 808 , 
811 : Salma fario, 242 : 
rArinrurodoa liorhinus, 888 
Propachynolofhus , 593 
J’ropalaothmum, 593 
Propithecus, 557 
Propterygium, Ohondriobthyes, 
203 : Dog-fish, 188 : Macro- 
petalichthysprumiensis, 168 : 
PoPyptervs, 874 : Urolophus, 

Prorastomida, bn 
Prorastomus, On 
Prosencephalon -See Fore¬ 
brain 

Prosocrcle. Ohondrichthyes, 
2og :^jgraaiat^ JWj^)oj||- 

221: Petromyzon, 141 : 

Salmo faiio, 250 : Squaius, 
205 : Squatina , 205 
Prostrate gland, 7 >jhw cuni- 


aammalia. 


_ite gl 

cuius, 514, 5 f 5 
677 

Protacmon, 884 

Protective characters, Teleo¬ 
stei, 270 

Protective coloration, Amphi- 
bia, 34 3 
Proteles, 57 4 
Proterotheriidr p. 569 
Proteus, 340 . 351 
Ptotrus angumus, 844 
Protobactrachus massmoh, 355 
Protoceratida’, twz 
Protocettda, *>84 
J*rotocetus, 583 

lYotochonlal plate, Lacerta, 
418: Beptilia, 410 
1 Yotocone ol molar, Mammalia 

854*, 655 

lYotoconid of molar, Oand* 
vora, 604: Mammalia, 654*, 

f'55 

lYotix.onulc of molar, 

malia,654* : 

589 

Protohippus, 508, 593 . 595 
Protopterus , 290 , 293 , 806, 
30 O 

Protopterus annectens, 804 
Protorohippui, 6 K 
Protonnrla, 356 
ProtomondylL **6 ,335 
Protostegidtr, 424 
Protostyle, 657 * 

Protrttoto, 517 . 518 , 533 — 

FMeWtetane, Alligator, 417 : 
A mphioxus, 58, 36 : AfW, 
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482 : G#ff«r bankiva, MO S 
Lotus, 008: 

68a: Hma, 120: Baptfflt. 
419 

Proventriculus, Columba mom, 

MS 

Prouutlodon, 583 
Pnttenum, fet htto, 674 : 
Lepus cuuiculus, 518: 

Mammals. 600: Bmn, 
007 

PsammodonHda, 174 
Psephurus, 330 
Pstltm *tbm, 864 ,265 
Pstudis pandora, 352 
Vseudobmoch, Dog-fish, j8<» : 
JSpioeratodur fonteri, 298: 
NoMcmi&a, 205: Salmo 
fario, 249, 251: TelftoaM, 
277 

Psmtochirus, 5J3 
Pseudocode, Lepus cunti ulu\ 
5 ” 

Piandocreodi. 577 
Pseudophycis backus , 279 
Prittlfli. 462 , 4^0 
Pstttadxormei, 462 

Psittacolherium, 6 fG 
Psiftwu?, 462 , 472 
Pteranodon , 303 
Pteraspida , 126 , 131 
PteraipidomorphI, T 25 . ( p 
Pteraspu, rostrate 1 , hi. 192 
Ptericnthyodes, 163, 164, i (»5 
PteriohUiyomorphi- -See Anti- 
arohi 

Ptenchihy s—bet* PtmchthyorUu 

Ptarobrsnchia, 3. H*-n 

Pteroclidte, 4 <»j 
PUrodactyla, 394 , 124 
Pterodaotyloidea, 503 
Pterodactyl ™. 301 
Pterodactylus s portability 892 
Plerolept*, ill 
i’/nofrfit nrfn/ifs, ISO 
J'lcivph\Uum t 205 
Pteroplataa valennenncnt, 109 
Pteropus, 541 
Pteropus Ju'itui, 558 
Pteropus lubatus, 552 
Pterouuria—See Pterodactyls 
Pterotic, Salmo fario, 241* 242 , 

244 

Pterotic process, 5afmo /ario, 
242 

Ptcrygiopliorcs -See Uln-rays 
Pterygoid, Apteryx mantelh , 
478: Aval* 485: Bony 
skull, 75 ; Lamb famiharu, 
578 : Chelone mydas, 406 : 
Columba hvia, 464, 43^ ‘ 
(haniata, 77*: Liocodilus, 
407 : ( ratal™, 406 : 
Mfaforfttr forsteri, 296 : Gfo- 
btocepkalus, 582 s /iomo, 
561; Ichthyophis glutinosa, 

245 ; 884: 


iAbyrinthodoatla, 337 ■ 

aria, SOL 362 : Lepus 
cuniadusTw, 400: Mam¬ 
malia, 000 : Manatus ieue- 
gahnsis, 618: Metatteia, 
538 : Mymocophaga, 688 : 
CMlMbL 404 i Omlhorhyn- 
chus, 887 : Petrogate *eai- 
efttata, 540 : Prototharii, 
528 : Ptiloesrcus hwii, 648 : 
Ratio, 3 T 0 , 811, 312 : Sala- 
matiJra atra, 846 : Salmo 
fano, 841, 242 , 844 : Sphen- 
odon, 404. 405 : i achy gloss™ 
aculeaiub , 529 : Ihnnaxo - 
don Itorkmu s, 982 : Iropi- 
donotus nattiv, 4 §S : 
Xenartfan, 027 , 028 
fterygoid muscles, 7>/»us mwi- 
ru/v< ( 496, 497 Bat, 617 
Pterygoid process, I epus cum 
cuius , 493 

I’terylap, Ara, 4 O 7 . < 

/mo, 430 . 481 

I *terylos 3 S ? At (lea, 467 : Ara, 
467 : Columba hvia , 481 : 
Cypattus, 467 : italito, 4(17 
IHilocercwt, 54 O 
PUloccrcui town, 546,548 
Pbforfcfff, 521 
Ptyckodrra , 4 
Ptychodera bahamensi*, 5 
rtvctodontidm, 159 
Pubic symphvsLs, Chiroptera, 
553 : Mom,. 405 : Inieoti- 
VO», W t atertu, 3 ( 15 : 
I epus c mm ulus, 488, 499- 
Mammalia, 043 : Meno- 
typhla, i 4 * > • Pinnipedia, 1 H 1 - 
Pana , 315 Struthw , 470 
Pubis, J 409 : 4pteryi , 

475 : Apteryx australis, 476 : 
Ara, 47<> ■ < *wk«mua, 475 : 
C hetonia, 208 : ( k is/udo 
lutana, 401 : < luia, 
422, 488: Croeodilia, 4 10 • 
Cryptuzi, 475 ■ Has\pm n \- 
ewetus, 681: J£mu f 47 , 1 , 

476 : Callus bankiua , 477 : 
Uahnalurus ualabatus , 588 : 
Lacorta, 664, 3°5 : 1 epus 
cuniculus , 492, 499 '* Mam¬ 
malia, 643 : 

527: Plestosaut us, 885 : 

PMMfe@ria, 5 »» : 814, 

315 * 818 : 5fl/«wa»u/yff, 846 : 
Sphcnodon, 899, 40 b: Tetra- 
|>od, 80, 81 * 

Puboisclual region, 'retrapod, 

8 i* 

IHiboisi'hiatK symphysis, Stria* 
mandra 846 
Puffinus, 4 O 1 

Pulniocutaneous trunk, liana, 

880, 881, 824 

Pulmonary aiioueurosis - ber 
Pleura 


Pulmonary arch, Turtle, 418 
Pulmonary arteries, Ami® 
278 : Amphibia, 349: < 0 /- 
umba Hvia, 444, 446, 447 : 
Oraniata. 28* ; Crocodilus, 
414 : hpiesratodus for start, 
298 . 299, 300 : Lacerta , 
287,416: f epidosiren, 305 : 
Lepus cuniculus , 602, 504, 
506 , 507 : Polypterus, 278 : 
Protopterus, 505 : Pan a, 
821, 824 : Salamandra, 848 
Pulmonary vein, t olumba Itvta, 
414: Oraniata, 98* : Lacer¬ 
ta, 807, 419 : Lap™ cum- 
cuius, 505 , 507 : Mammalia, 
670 : Rana, 822,824 
lhilp-cavity, Cosmoid scale, 
64: Craniate tooth, 88 : 
Mammalian tooth, 650, 651 
Pulp-cavity opening, Placoid 
scale, 64 

Pupil, Oraniata, 112 * 
Pycnodontida, ^ 4 , 255 
Pycnodus, 235 

Pygal plates, ( tstitdo lutana, 

Pygochord, Bnteropneusta, 5 * 
Pygopidw, 423 
Pygdpodes, 461 
Pygopus leptdopus, 805 
IHrgostylc, Avef, Columba 
hvia. 482, 434 . 448 

Pylonc LtPca—See Ca^ca 
l*ylont division of stomdeb, 
Mammalia, 666 
Pyloric valve, / cpidosteus, 278: 

Sofrffo Jarto, ^47 
Pylorus, Dog-fish, 184 , 185 : 
Mammalia, 666 : Phocuna, 
668 : liana, 819 
Pyrosotna, 21 , j-,*, 26, 28 , 15 , 
39 

Pyrosomtdee, 21* 

Pyrotheria, 572 
Fyrothenxdcr, 572 
Pyrotherium , 572 
I’ython, 389 , 888 
Pythanomorpha, 38 H, (bo 


Qcaur\tf, Acipenser, 272: 
Anas ho^rhab, 478 : Ara, 
485, 472 . 474 : Bony skull, 
75 : < annattr, 474 : ( he 

lone mydas, 408 : Chdonia, 
41 m : ( olumba hvia, 484, 

430: 75*, 77* • 

Liocodtlus, 407 : trocodilu s 
porosus, 407 : t rolalus, 408 : 
hmys europaa, 405 ! Ich- 
tkyopki* glutinosa, 845 : 
Ichthyostega, 884 : J accita . 
86 L 3 bt: t-tplolopis ittonm, 
867 : OpUdm, 404 : Prolem 



744 


INDEX 


anguinus 844 s Rana, 310 , 
3 U : Raid* 494 liftihai 
402 Salamanara atra 845 : 
Salmo farw 24L 242 844 : 
Srap/wu wciMm, 808 , SMew 
odow 888 * 404,405 Jadpolt 
818 : twptim^Ms nahn 

408 

Quadrate condyle 478 
OuadrUe region i him va 
wmstrosa 818: / ptcetalodus 
) or dm 888 : Salma s alar 

845 

Quadratoi up il 1 m as fiotcAa * 
478 : Ifltn\ 1 manklh 478 . 
Atm, 485 : < htl m mi das 
406:01ieloma > 4^ (olumba 
hua 4)0 ( madilus 407 
(rocodilus poroius 407 
lHpiophrax trailh 887 
/ mi « curopira 405 . H do 
ptychuts 888 

Icth\oste H a 884. 1 acerta 
3 <>o OstioUpis ni act ole pi 
dotus 886 : Rina 808, 811, 
Sphtnodon 404, *o*> 

/ foinaxodon liorhmus 888 
OuiU Set ( liamus 


k 

\\ \1 HU Set lipUSCUU nlu 

Rachiancrtes 581 

Kachis Am, 480: < ohiwl 1 
lu ia 428 

Raohitomi, 335 

R'u.hituroous vertebra. Amphi¬ 
bia, 887 : Labyrmthodontia, 
*35 

Kienon Ste Ptocvon lot i 
ProtyomdcB 

Ridule Alhgatir 408: ( dttm 
ba hi ia 487,488 : Cramata, 
71 * Dioynodantia, 884 
t^fgonopna, 884: 1 acuta 
884 . Pelycounna, 884 • 
Prototheria, 5 *0 felrapod 
So* 

Kidnl fin iartilajts Man 
ptlali hth\spiumien&is 188 
Palaosponulus puttm 171 
Phurat anthus da hem 175 . 
Poly pit 1 us 274 

Kddnl vimoid Carnivora, 
>/0 Pipio anult 585 
Primates, 505 lalpa 548 . 
( rsus amenoanus 579 

Radial styloid process lactih 

Ridionlni, hana 809, 31 

R 1 dins A Hi it i 409 : b / 
tsoplt > \ \ hth n/hica 485 
Itohf vmi uinni 1 484 • 

llradypus h i lai t\Ut 630 
c mvui tlaphus 847 ; 
Cetacea, 560 duroptera. 


552 Cwiudo Man*, 401: 
C olumba Itv 10 , 487. 488 ; 
(rocodUus 890 : Ihoyno- 
884 : Ldestosaurus 
888 : rquus caballus, 848 : 
(i lobtocaphalus nielas 588 : 
Oorgonopua, 884: Uaima 
turns ualabatm, 588 : 

InaeotlvQra, 519 / aenta 

a 864 : repus cuutculus 
: ()rntthorh\nthus 587 : 
Pelyeouoria, 884: Phoctma 
communis 585 : Pinnipedia, 
581 Primates, 563 

Bodentia 0 -s Sphmodon 
889 : 5 tuna wilsnni 475 : 
Sus sci of a 848 : Syrenia, 
613 J alpa, MB l I apirm 
tnduus 0)7 Ittrapod 79 * 
Xenarthra ,»20 
Randa 177 
Kails— Set Jut III da 
Raja blanda 64 
halhda 4 O 1 
Balldormes, |bi 

188,306 307*-m 
Rana c lulnita 307 \ >h 309, 
811,314, 817, 819,328, n| 

h ina pipiens 307 
Rana Umpoiana 807, 

818, 880, 881, 382, 881, 

h mid 71 33, 

Ram don 843 
Ranina 311 
A aphida 4 i- 
haphus 46 470 j7) 

hatita 107 171 1H5 
kit kangaroo Ste R It u h ia 
K its—See Myomorpha 
Kiltlrsnikt Ste ( rotalu 
R tuber's Dyer Mammalia, os- 
k Lys See Hypotremata 
TUerpt'u ulum thyli Mamma¬ 
lia, UOO 

Ratal uitry Dogfish 188 
Keetil gltnd Glumdnohthyes, 
Dog lish 185, 1 bo 
lhdeiphvs dor ra 685 
lepus cmnculu 514, 51^ 
Phaseolomvs nomlat 885 
Rectum \sud%a 16: Asmdi- 
acea, 84: dscidxa tom 
po ila 88 : C olumba luia 
448, 44 ) fhddphys do\ 
si t*a 885 ■ Dop lish 18) 
185,188 . I acuta 888,887, 
37 f I cpn rumculus 508, 
VM 514 ' Pettomy*on, 139 
J'ehomy on maunus 144 . 
Pha t ohm \ s omOat 885 • 
hana 318 hhabdopUuw 
18: Salpa 87 : Jruho uius t 
885 

Ktitus ilidonunis muscles 

Ohonditehthyes, 203 Rana 

)i 6 , 817 


Rectus mtemus muscles Rana 

817 

Rectus muscles of eye, Graiu- 
ata, 115 * Dog^fi&b, 188, 
104 Sk ite 115 
Red blood corpuscles--bee 
Blood corpuscles 
Red Deer See ( ervus elaphus 
Red glands—See V iso gaughi 
Reef hshes, 262 
Rtgalecus t 275 
Reindeer 602 

Remex tpien \ 488' c olunt 
ba hua 486, 488, fji* 
OpiJhocomus 488 
htmiftoUpts 1 O 5 
Renal artencs C olumba luia 
447 : Dog fish, 1 S 9 1 ishes 
89, 90 * 1 aenta ) 0 H 

J ehus cumoulus *)<>(> 587 : 
Rana 881 

Renal oig ms—Set 1 1 inogc ni 
tdl oiginb 

Ktnil portal svstem ( htmla 
hit a j 4 8 Dop lish 1 S 0 

1 ishes 9 i*‘ Sal mumaia 
mat ul > a 350 

Rtnxl portil vims Amphibia, 

)40 < olumba h \a 447, 

If 8 Dog lish 188, 

/ pianttodit ftr tei 1 800 : 
1 ishts 89, 90, 01 * / a 

tnta 31 S Rana 822, v** 
824 

l\c 11 il \ f ins ( ol twt r hi 1 a 
447 : J ishes 88 , 01* / a 

uila 30 S J tpu uuuuht 
507, 51 s A a\ a 322, )-) 
s ihntmdt t inatith a 850 • 
Salma Jut r 258 
kt mif t Sc c Vliom isnni 
kipliung l>onts h 113 skull 
75 - Cramata, 71 * Mam¬ 
malia, 889 . Rjma 809 
Salmi farw, 2 42 .41 844 
Tdeoatei,.,) 

Rtpi odiu turn Amphibia, )>- 
ksfiedo >1 (id hi )\t us 
> Ibf I 1 7in/ it -S) 
Musithna 678 Sui h na 
(hid# 2 S) Teleoitei, 

Set also Development 1 m 
piegnstion 

kt productiv e s\ ste m Sc 1 
Dnnogcuitd 01 gins 
Reptilia, jsb 425 
Respiration Tdeoitu, -// 
Respiratoi> heart Mmiwaiifl, 
94 * 

Ktspuitoiv oi^ins Amphibia , 
)47 hi / him us 43 * 

Amphipinus .77 Inabas 
- 7 S biotas si an th ns 877 ; 
Avei, 4 / t aUuhthw „yS 
Chondnchthyei, 20 *, < ol 

umla h ia 413 Cransata, 
« 5 * Dogfish 1 so l pi 
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Cfratodus forttm, 398 

Bolowpk«h, no J Marta, 
aw, 370 l ejndowen, 305 
I epus cun" ulus, 508 : Mam¬ 
malia, 671 Pmophthalmus, 
278 Peiromyzon, 140 

Rana, 319 Repfalsa, ah 
S alma fano, 249 Tdeoatei, 
277 

Rispiratoiy tube, Pctromy son 
lift, 140 Reborn) zon 
w annus, 180 

Kespuatoiy valves, >ahno 
fano, 237 

Rcstitorm body Stc Corpus 
ustifonue 

Kett miralule—Set Pseudo 
branch 

Reticulum Mammalia, 688 : 

IroCOTB, 00# 

Retina < utumba Una 451: 
Craniate, 11 -* 118: 

Sphtnodon putuitUum 415 
Ketuccs ( olumbu In ta 4)1 
Rfiabdopltwa, S*, 10 * 11 

18 

Rhamphadidtr 462 
Rhamphorhynehddea, pij 

Rhavnphoih\nchu\ 898 
Uh imphothrc 1 Aval, 4*>5 
Rhiu 4 S\ 47 b, 485 
Rheiformes, 4 sh 
Rhenamda, 15 -, \t\ ■■» 
khuul profess Rami > 1 - 
Rhirunuin Sic \ 1 u//h 
KhineiHiphalon I pumt dits 
ftntni 800 
Rhimibatuhc, 1 / 

N In nobat its 10 S 
R/nnncttns , 590, 649, 
Ilhivoctros buonm y»s 
Rhinotnos mduus 595 
R/f/iiotLins iiiiius, 595 
Rhinotfros sonJauus S'15 
hhmutnos s inn titan is 59-) 

A A wore ) os witcor ms 59 , 
Rhmont )tula, 5S9 59b 
Rhroocerotoidea, ^9 vj# 

Rhw 1/1 litter ffii 
Klunoi a l< Chondnohthyes, 
20 b Craniate, 98: i>% 
fish 191, 20 O PitunmsoH 
141 Ran a i-s \alwo 

fano 50 St 1 wnm Aiiim 

2 n<> s qnalus 20 / S fuahm 
job 

Rhmodt;mu durum 1 ^ 5 1 
Rhipidiltia, 152 i*->* / 
Rhv’odontida, *H/ 

Rhizodus 2 h 7 
Rhomboid sc lies (if 
Rhynchooepbalia, &/* \ 1 
Rhym koevan, 54 b 
Rhnnhot \on t hn /»1 jirs 547 
RhwiLhorfus 815 
Rhwuhaltpts 131 
Rhy hi holt pis patvulus 180 


Rhynoboaaaria, 424 
Rkymhosaurus, 388 
Rhxtieholhmuffi, 808 
Rh\ Una See Ily di odomahs 
Ribbon-lishe*, 2O1 262 —See 
also Regalecus, Irtofaptcrus 
Ribs, Anptnst r, 878 : 4 /Ji 
&ator, 409 : A?ei, 469 
Carnivora, 37 / Cetacea, 
5S5 (hi lone m\dm 408 : 

Ohondnehthyea, arm 1 ol 
umba hvia, 482 , 488 : Crani¬ 
ate, 07 ,70 Crooodiba, »<J2 
Ltocodilus, 890 , 400 : J >04, 
fish 179 , 180 : Prato, 400 
1 pitnalodu s for den 895 : 
Ifabnatutut mlabatus 588 : 
/ aieita, 369 : ltlus cum 
t ulus, 489 , 4 r *o Mammalia, 
6 )S Mom to is 402 Unit 
thoihunhus, 587 : Rhocana 
t miuntnn, 686: Pit u 1 a 

(fljrf/jus dnhtnt 175 : Po/v^ 

/mis 2 71 872 : Protothena, 
S*b Reptllia, 400 Salma 
Jana 889: Sirema, bi 2 
Teleostei, 2/1 Urodala, 
ill Xanarthra ,627 
lunK tailed Opossum—See 
Pscudothuu 
Jnta .bi 

Rita hit 1 ha i mi 859 
Koarh 2<>i 

Koik AS llUby -bee I\lrogaU 
piniLiliata 1 xanthopns 
Roden ba, 517 , 51 ^ O 10 -021 
649 , tn >5 

UikIs 0/ c)t Craniata, 118* 
s pkenoaon 116 
KnJleis —Sit ( jiatndtB 
Kim it sheath of km Mammalia, 
684, 685 

Knots ot teeth, Mammalia, 
O-jl 

U 01411 ils Si c Hale/ 11 »/»/«Hi 
Ko^tTcil, ( om tuts dmpi 1/9 
161 , ibi Ihi panaspis jtnn 
mndtnnisw, 183 : Htlno 
situs 16 \ UomoJnn nnllni 

188 : Irhtkxodiqa 884 : 

lrplolepts bn not 857 : 
Paltronmu wan 1 pawns 
887 : Pterasfis nndiata iji 

188 

Kuslntm Anpnisn -02 878 : 
Apkr)% manlcUi 478 : Kon> 
^kull, 75 : ( alloth\nohu 

antart tu 220: t aitil 
aipnous skull 78 : t ktmaia 
monsttusa 218 : Chondnch- 
tbyes, 200 ( olutnba hvia, 

484 . 11s Craniate, 72* 
Dogfish 1 so Holoo«phab, 
21 / 2nj Proftothena, )2S 

Salma tana 241 S tshmki 
nus, 180 Squaloiaja, 215 : 

Xanarthra, 028 


745 

Rumen WamiHiitt, 001 
Paeon, 067 

11 Rum in mts 11 - Sec Paoon 


S 

SdCOaPBAKTAi, 25ft 
Saccopharynx ampullauus, 859 
Sacculnb, (allorhy nchus anh 
arcticus, 880: Chondnoh- 
thyas, 200 C olutnba tuna, 
451: Craniate, 117* : la 
cetta, 878, 374 rttronivnn 
144. Sal mo fano 858 
Saccus vasculosus Chondnoh- 

thyei, io(' Craniate, (io* 
nog fish, 190, 191 Salmo 
fano 850,851 
Sacral libs laatta 159 
Sacial vertebra), Alheatoi, 489: 
Columba Ima, 488, 4)1 
I epus cuntculus, 4S9 490 
Pnmataa, 5 bo Rana 809 ,410 
Sacio-’vertebialanglc Pnmatas, 
5ho 

Sac rum, t olnmba lit ta 488 . 
Ciocodilus, 889 : Dasypus 
scxcivcius, 681 : I epus cunt 
cuius, 490 488, pH) Mam¬ 
malia, 0)8 Xanarthra, 1 20 

S agi nodus 2 Q) 

S aehathenuni, bi 5 
Sagitta Salma fa w 252 
sigittd crest Caruvora, 57 

Slglttll 'UtlllC LtpUS 

culus, 4)4 
Sagittarius 4OT 
Si Pis—See Pithnn 
S alatnandia, 111, 846, 848 
Salainandia aba 845, )S 2 
s alamandra maculosa \ 40 ,350, 

J I 52 

a mambas wfamandra, 841 
Sal a nunt (Inna 848 
SlUmanclnnc Urodela, ^\o 
s Ui\ 1 Craniate, s 4 * 

Siliv u> glands, Avar, 47 7 
Craniate, 84 * I epus mm 
mlu soi, 502 : Pi turn \ zou 
M° 

Salmo 2)0 # -2 < )S 
Salvo aahw, 2 )t> 255 , 258 . 262 , 
770 

Salmo alai 71, 2)0 845, 258 

Salmon - S* i Salmo solar 
Salmonoidaa, 23 ft 
S Umopitta, ibi 
Snip i 86 *. 87, 2 S 87, 39 
Salpa demon atira 84 
Salpida 20 * 

Sahthnu* font alls 230 
suui (irouso Sn Phrotlidtr 
Sandpndc, 13) 

Sancl shark- See Odonlaspu, 
Santonin cartil igt ol I tpus 
funiculus, 506 
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Sarcophilus, 332, 534. 
Saicopkitus ursinus, 080 
Sargus, 878 

Sartorius muscle, Rana, 817 
baurschthyuda, 229 
baunchthys, 230 
Saunfiterus, 287 
fla ortioh ia, 390 
Bao r opoda, 390 

Saw-fishes—See 4 4 Pnstide, 
Pms/w 

Saw-sharks—See Prntio- 

phottda , Pristtopkofui 
Scale tympaxu,/ cimkii/iu, 
5X4 

ScaU vestibuli, cum 

cuius , 514 

Scales, Anathodil, 155 Anas- 
pida, 131 . ilmitf, 271 Am* 
ms™! 271 . Chameleon, 
397 Chatonia, 398 Ghon- 
dmhthyee, 199 Chondroctei, 
231 Omlolepida, 133 (oi 
umba 427 ^ ^ J haniata, 

Dipneusti, 05, 290 ’Gecko, 
397 flinglymodi, 233 La 
cirta 358, 397 Lanarkta 
*pino\a, 188 : Mtgalichthy s 
htbberti, 84 : PaleBoniiooidfla, 
227 Phyioetomi, 271 

Pwptenm, 232 333 ‘ Proto- 
■pondyli, 235 Pteraipido- 
morphl, 131 l^Uraspi 
iostrata , 132 Pttruhtkyodis 
163 balmo farto 888 : 
Bgnamata, 397 Teleoitm. 
271 

Scaly Ant cater, See A/oni? 
I'hohdota 

Scapanorhynchus, 176 
Scaphognalhus, 888 
Scaphoid, Rradypus ii idat ty lus 
880 : Carnivora, 579 Chiro- 
ptera, 552 Lquus caballus, 
848 : Globioctphalus nit la s 
888 : Gorilla, 886 : Homo 
686 : L m eofavora, 34 <» 

Lepus cunuulus, 408, 499 
Mammalia, 646 Mesonvx 
848 : Ormihorhymhus, 687 : 
Papio anubts 565: l'onit 
660 : PnmatM, 565 Prow* 
ttattM, Sodsatu, bit 
Su$»trofa,M 1 latpa, 640: 

laptrus xndicus, 647 : In 
tmm&on agths, 644 
Scapholunar, Ornithothwtchvs 
627: Ptnnipdha, 5 S 1 IUm. 
amertoantu, 678 
Sraptrhynehut, 230 
Scapula, >«—&iJm 154 
MUntomaTMB: AfitZyx 
manUUt, 475 : Archerortus 
ntmtnst, 464: Oaninra, 


379 . (.MiHaltr, 474 
( asuanus, 470 : Oo ta ae a, 
586 408 

MMghn, 352 Qhoad* 
nahihjM, 203 Cutudo 
htlana, 401 : Chmatnu 
uticulatus, 166 : C olumba 
hv is, 488 , 437 Crocoddus, 
868 : Dieynodoatia, 381 
Dtplacanihus, 166 : / ai\to 
souths, 888 : Halmaturus 
ualabatus , 688 : tguanadon 
bemnsartensis, 881 : La 
certa , 860 , 363 Macropttal 
uhlhys piuthwnu s, 188 : 
Mammalia, *43 Oimtho 
1 hynchus, 687 , 680 : Pho 
cena i omniums, 686 : Pinni¬ 
pedia, 38 l P/fSIOWlIOMS, 
886 : Primates, 50 ) Proto- 
tharifl, sw Pana 814 : 
Ratitw 474 Bodentia, (<21 
balannintha 848 : S ahm 

tano , 846 : V>/w notion M 0 , 
Syrenia, 013 Teleottei, 
274 1 etrapod, 60 , 81* 

Xenarthra, tub, 029 
Scapular portion of jiectoral 
girdle. Dog fish, 183 
Scapular region 1 r trapod s 1 * 
S4 uumenacta 29) 

Si aumenacta nnta 891 
V uilidothmuin 024 
Schi/ocoule Cramata, 12/ 

Si luzoguathus p date Avea, r 
SJnsothnum 31 m 
Sihneidrrun mcinbiane Col 
umba lit f<1 430 Oramata, 
111 

Sciatic arti t\ Colombo In at 

447, 44^ 

Scutic \mi ( olumba h ui 
447: lauita 887, 

Kano 828, 323 
Sciuroidea, 630 
feHfiMopha, tuo 

SitiiMis 680 

S cleiodits, 189 
Scleroparei, 261 
Sclerotic Ghondnehthyes, 200 
C olumba h va 461: Crani¬ 
ate, 71 * 111, 112 * Dog 
fish, J 94 f acetta, 878 : 
Lepus tunttulut, 51 a Mam* 
malia, 07s Beptuia, 146: 

S almo fanv 251 , 868 
Sc lei otic plates Archcropteryx 
htkographica , 465 : ( olumba 
hoia, 430 , 461: PalSB- 
omseoidet, 220 Ptemhthy 
od* s 103 

Si 1< rotu 1 ing Hi miculaspis 
niutchwom, 187 
5 colop acid a 461 
Screamers See Carimtda 
Scrotal sac, Lepus (unuulus, 

5x5 Mammalia, 077 


Scutes, Actpsnser, 880, 271 
Hemtcyclasfns munhtsont, 
187: Lophloteondii 27 ? 
PtoOtOglliBlI, 271 Silunda 

271 

ScyitorlftiHdar, 177 

5 canxcula, 5 
steUaris —boe Dog-fish 
Scymnorhmus , 800 .20 3 , 206,220 
Sn mnestfcAw, 888 , 384 
Sea bream, 261 
Sea-horse—See Hippocampus 
Seals—See Phoca vttuhna, 
Phocida, Pinnipedia 
Sea-lamprey—See Petiomyson 
mannas 

Sea-lions—See Pinnipedia 
Sea-snakes, 389 
Sea-squirt—See 4snha 
Sebaceous glands, Homo 684 : 

Mammalia. 684,685, 636 
\cbastes percotdes , 860 
Suond cranial neise See 
Optic nurse 

Secondary cranium Cramata, 
77 * balmo faito 210 
Secondary lower jaw Cramata, 

78- 

secondary upper jaAv Cramata, 
77 * 

Secretary- Bird -Sec Srcpf 
farms 

Si c rlsnipe—See I hirocorythida 
segmental duit -See fiouc 
phne duct 

Segmentation J c 1 pen \i 1 , 883 , 
aba: Alytcs 354 Amw 
888 , 284 Amphibia, 334 
Amphioxus, 51 , 3* Ascidi- 
aeea, 29 Avea, 4/Q ta 
t\ acton, 20 3 Chondnoh- 
thyea, 208 J)a uirai 089 
Dulelphys, 0 K 9 tiiinoids 
2S4 Qymnophicma, 354 
/1 p\do\teu&, 888,284 7 rpus 
t unit ulus, 517 Mammalia, 
681 : Metathena, 089 

Pitromyson , 146: Pipo 

354 Polypterus, 284 
Frotothena, 690 Rana 
329 , 880 : Ripblia, 417 
Teleoitei, 284 

Segmentation cavity Chond- 
nchthyea, 208 , 810 : tlmul 
Una, M : Beptiba, 4 x 7 
Solac hu —See Chondnchthyea 
Selenodont molar, Maiwulu 
65/* 

Sella tureir 1 —See Ihtuitarv 
fossa 

Semicircular canaU, C allorhyu 
chus antarctwus, 880: 
Chimera monthosa, 818 : 
Ch ondrirththyM. 206 . 
ftmliti. 116 *, 117: Dog - 
fish, 182 ,194 Lacnia 676, 
374 Myxnu, 160 ; r*tn- 
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myxon, 144 : Ptoreupis n n- 
trata, 133 S 'almo fano 

858 

Semilunar plate, Ptenc hth\ odes 

164 

Semilunar valves, Lotus cunt - 
cuius Mi 505 Mammalia, 

670 

Seminal vesicle—See Vesicula 
sexmnalis 

Smtonohda, 234 , 235 
SMioaofitf, 235 
Semi-placenta, 688 * 

Semi plumes Am, 468 
Semi tendmosus muscle* liana 
H7 

Semnofithecus —See Lctcopxtk 
tcus 

Souse- vesicle Ascuhaoea, 32 * 
88,44 

Sensory canals See 1 atual 
line 

Sensory organs Amphibia, 
351 Amphioxus so Am, 
478 Chondnchthyes, 200 
Cvlumba hvta 450 

Craniate, 109 Dog fish 
194 Pstromyon 142 
Rana 325 Reptilia, 415 

Salma far to 231 Sal pa 

di mocraha 84 
Sops Sw. L halt ides 
Spptoin i\illar\ lchihy ntftgu 

884, Hs Rana 311 

] i tt\tod m l mgen ns 519 
Septum luncularum Am¬ 
phibia, 34 s Rana 880 
Septum lucid 11 in ftfn\ turn 
culm 511, 518: hh gait 
penicillata 878 
Septum vcntiiculoimu S 1 
Ventrif nhr sipium 
Serous muubi ant See t In >nr m 
Serranus *,82 

Sesamoids Protothena, 53 1 
Tetrapod, 80 

Seventh cioni.il nerve Sit 
lacnl neive 
Scwtllcl Sir Aplodonhi 
Seymowia 878 

Seymonnamorpha, 3" 8 

Shad 238 

Shaft of bones letrapod Si* 
Shagreen Chondnchthyes. 199 

Shags— See Pkalarrotorax 
Sharks— Sti Pleurotremate 
Shearwaters- S<e Puffinu 1 
Sheep -Sec Bovmdea 
Shell—See J-gg shill 
Shell-gland Chondnchthyes, 
207 Dog-fish, 185, 195 *. 188, 
198 Holoeephah, 122 
Shell-membrane Am, 479 
Coluuiba hvta, 432 Ga/lus 
bankna, 480 

Shoulder girdle -See Pectoral 
girdle 


Shovel nosed sturgeon—Sc c 

Scaptrkynihitt 

Shrew s—Sec Mat 1 oset ltd a, 

Sonctda 

Sigmoid cavity, I epus cunt 
cuius, 498 

SHunaiL Aoanthodh, 154 
Agnatha, 125 Anaapida, 

131 

Silundtr, 2 bi 270, 273 
siluroids— See Silurtda 
bimia —See Ponge 
Smitda, 339 300 
ffrnnphflMIfntetft, 618 020 
Sinanthropus 559 
Sinu auricular aperture Dog 
iish, 186 Rana, 880 
Sinuses, Fishes 91 * 

Smus lhomboidalis t olumha 
hvta Mi 4SO _ 

Sinus ttrmimlis I epus 688: 
J epus cuutculus 516: Mam- 
malm, 684 : PeiameUs oft 
ida 681 

Sinus venosus Amphibia, 3 

Craniate, 67 : Dog-fish 185 , 
j8h 187 , 188 : Ipiccratodus 
joi den 29 b hishts 83* 89 , 
90 : lanita , 360 887 , 
Mammalia, 670 Pehomv on 
rio Pitromi on maiinus 
188 : Rana 318 , 882 . 884 
lUptilia, 413 stdamantbi 

atra 850 : Salma fano 2 pj 
Siphon^ oialamlatiial Asudu 
ri* 16 
S nfdon 354 

Slid n laurhna , 840 
Sirenia, 5 ^ 610-513 
S uathaium 602 
Sivth cianial neivr Src 

\bduunt nerve 

Skifrs 115,177 
sktletogonous cells. Craniate, 
88 

Skeletogenous li>ei Craniate, 
68 , 6 q* (istudo Mat ia 

401 

Skeleton Amphibia, 342 Am 
pktoxus, 43 * Astrapothn 
turn inagmm 578 : lit ads 
pus tndaUylus, 680 : Carni¬ 
vora, 577 Cetacea, 5 s s 
( helont my das 408 : Ohir- 
optera,55i Chondnchthyes, 
100 c olumha hvta 4*1 
488: Craniate, 68 * o oco 
dilus 888 : Dogfish i-« 
180 : Dugongaudialts 611 * 
I pmrafodus forsfett 205 
Halmafutus ualabatus 588 : 
Holooephali, 218 Ilomalo 
dothenum, 571: huarto 
donbtintssaitenws 881: In- 

seotivon, 547 lamta 358 
1 epus cunuulus «|3o Mai 
tauchenta 570 . Mammalia, 


C37 Metethana, 530 Omi 
tkorkynchw, BBT: Petro- 
enyxon, 135 Phot a tntuhna 
580 : Phocana communis, 
585 : Primates, $60 Rana 
308, 808 : Promhana, 526 
BeptUia, 398 RodentU, 
621 Salmo fano , 2 ^ 
612 Sphonodon 
888: lUmtai, 271 l to 
tophus, Ml : Xsnarthra, 626 
/euglodon, 584 

Skeleton, visceral—See Visceral 
skeleton 

Skin, Amphibia, 342 Craniate, 
68 : Homo 684: Petromy son, 
135 Salmo Jano, 2)8 
^kmcoids 397 
Skmk 388 4 ig 423 
Skull Acanthvdes 156: Act 
penm , 278 : Aehnuflu, 238 
Amia 273 Amphibia, 344 


Anapnda, 37^ 876; Anas 
host has, 478: Annra, U4 
tptnyx manteUt 478, 478 
Ara 474 : Araroscth 876 : 
4 rch (PopL 1 > r lilhog) nphira 
465: Aval, 376, 435, 4 bg 
471 Dalh)op*is 569: 
Lallothynthus antapAnus 
880: ( anib Jamil 1 uis 578 : 
Carnivora, 577 (artil 
nginous 78 : ( inltfts ecaud 
atus 547: Cetacea, 582 386 
( hi lone inydaK 408 : Chalo- 
nia, 3 n s t him at t a nwn sti osa 
218 : ( htromys, 557 : Chir- 
optera, 552 Chondnohthyes, 
.00 Chondrostai, 272 
( arty nys para 619 : 1 0 ! 
umha hvta 434' Cotylos- 
sanna, 870 . ( mi 588 ' 

Craniate* 67, -»o* c r> odriu 
407: Cpo odilusporom 407: 
c totalus t 403 Cynodontia, 
888 : Dasypits sc\anctus t W7: 
Dasyurus, 589: Deltathen 
dium pretriluberculart 544 : 
Dendfohyrax, 814 : Diadia 
pharos, 570 : Diapnda, 878, 
377 Dinooarate, 569: Dim 
the* turn giganteum 607 : 
Dipterus vauncicnnui 808 . 
Dog fish 180 a 1 lath terras 
560: Hefhas maumus 60S: 
}tn\s tutipaa 406: Jo 
basilciu 600: 1 pmrotodus 
foistrn £08 : EtwndM. S'H 
I quits 688 , 58i 602 : Ed- 
UMm, 341 FtliS ll f™ 
678 : Olobioctphahts 688 : 
GorKoaopiu, 888 : Omno- 
phlODD, 344 IleptraHchuii 
808: Homo 360 , 881: 

Hyopsodut.fM: HyiMOidM, 
613 H^racotfunum, 888 : 
hhlhvophis glultm va 846: 
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74* 


thjoilfga, 

•>47 
Lac n to , 
I-emiir, 


Ich - 
arena, 

b « s 


ff. 


360. Ml, 

5 O 3 lepidosttus, 

1 tptohpxs brontn, 

l ppm cmicuius, 491 ,_, 

ISB : 1 oxodonta afncana , 

604; Mammalia, 876, 038 . 

688 : Manat us st mgalensts, 
618 ; Mwhippus, 808 : 
Metethena, 510 . 5)8 

Mcrrdhertum 606: Mymc • 
cophaga , 687. 688 : Opmdia, 
876, 402 Ottcolepi*, 886 : 

•Po/rfcgyrifiitf dftorm t 886 : 
Palaomastadoti 607 : Pan 
troglodyte s, 868 : Pedths 

nmr, 619 ; Felyooaaiina, 
876 : Petrogalc pnncillata, 
640 : Petumiyon mannas 
186: Phauolarrtos e menus, 
658 : I'Aautf wrjj 5 uombal. 

689: PlMKMiiina ,377 Poly- 

ptenm, 232 Polypterus 878: 
Primates, 555 ftwaw, 

616 : JVu/cKrfnt 688: 7 'ir/fo- 
hippus 688 • J'rotaptrrus , 
806 : PtotorokippHs 688: 
Protothena, 52(1 /' iftem, 

472 Ptetopm fu*ius 658 : 
iVi/iif r»f11s /oa 1 r 648 . Tfawa 

310 .811: Rephlia, 175 878, 
177 402 Rhipidutui, 2 M 5 
Rodentu, 621 balamandia 
aha 345 : Sa/ino Jauo, 240 , 
841,844: Sa/mo rotor, 846 : 
S arcophiliih itrsinus 660 : 
Staphognathus 898: Sirema, 
in 2 S phuioaon 404, 4 °S 
Syupuu, 375 870: lathy 

fjo^sus autlcatus, 588 : l ad 
pole 818 : J amxolabis 580 : 
laisius sptetrum 668 : 
Thecodontm, 876 : Theno- 
dontia, 876: lhnnaxodnn 
liothinus 888 : llnvo 

namvx swmduanm 619: 
7 oxodon 5 " 1 Jiity lodon 

longaiu r 618 : / ropidon 

otm natnx 408: turtle 
876 : / intothmum 569 . 

f lodrfo 34 a Xenarthra, 
G 27 /alambdalestcs hchn 




Skunks **ei Mustehda 
Slump eels See Mynnoidei 
Sloths See Pradypodidtr 
Sloth, Ibiec toed-- Sec htady 
pus 

Sloth 1 wo toed—See t holaspus 
Small intestine Dog fish, jSf 
laccrto , 866 : Lepu* turn 
cuius , 502 
Smelt, 25S 282 
Smdodoft, 575 


Sntinthopm 5)2 
Snakes Stc Ophuha 
Snipe Seq Stolopauda 
Snout- -bee Itostru tn 
Solt palate, Ltpus tunuulus, 

soi, 608 : Mammalia, w >7 

201 

Soknodon, 545 

Solenodonitda, 545 
Solitaire -See Pcophapi 
Somatn layer of mesoderm 
Jmphiarus, 36 Craniate, 

123 * It ana, 188 

Somatic motor libics Craniate, 
07* 

Somatic motor root, Craniate, 
ior* 

Somatic srnsoiy impulses 

Craniate, 97* 

Somatic sensory loot Craniate, 
101* 

Somite 1 tmphiuxm 54* 
Chondnohthyes, 211 Crani¬ 
ate, 122* PtUo nx~on 140 : 
Kelation of nu ms to 105 
'uttHniosus 203 .07 .oS 
Soot> Mlntro s Set Dm 
mtJta fuhginosa 
s onndtr 545 

Sonemdw, 511 
S palatothenum 588 
S pttlax 620 
Spaigis 4 **- 
Spirrows So I assn 
Special soiiutu sensm\ tom 
ponent Craniate, km 4 
Spitnl \is <110 motor root 
Craniate, 101 * 

Spinal \istiif) sensory rrxit 

Craniate, 101* 

Spectacled Jicir Sih llmo 
pus melanolnuu 
S pdtrprs 846 
Sperniar> See Ic tis 
Spermatic irtu\ lishcs 89, 
90 * lepus (ununiits 30(1 
607 : Rana t 881 
Sperm itic vein I ishi 89, or 4, 
ltpus twin id us 607, 30 S 
Kami 888 

Spermatophorcs, Amphibia, 
332 t alhrhynrhus ant 
arctiru 888 : Holooephah, 
222 22) 

Spumuluct—sc*c \as dcicren 
Sperms, Craniate, 122 Holo- 
cephali, 2 12 1 fptn cum 

culu 5 5x3 

Spci m sac , Ohandnchthyes, 

207 Dor fish 196, 197 
Sperm \\ hale -Sec Ph\ stUr 
Sphar^xs 402 

Sphcnethmoid, PfoUus angui 
vus 844: Rana 809, 8 U t 
818 : Salamandra atra , 845 
Sphemsciformei, 460 
Sphcnodon 3S8, 393 


400 , 402 , 406, > 05 , 407 , 408 , 
an, 4 x 3 , 422 , 423 
Sphenodon pmutatum> 886,416 
Sphenoidal htsuro, Lepus cun 1 - 
culm, 498. 403 . 486: Mate- 
fhana, 539 

Sphenoidal sinus. Homo, 675 
Sphenomaxillary fissuie, Homo , 


Sphenotac Sahno fax 10 841, 
24 ^ 844 

S phyma, 177 198 
Spicules Aieidiaeea, 2 2 
Spidci Monkeys—See Atiln 
Spigelian lobe of li\er, 


Spinal acctssutj mne Crani¬ 
ate, 105 * Lacerta 372 
Spinal accessory ncr\ c for mien 
T epus runiculus f 486 
S]>inal canal See NTt ur il < in il 
Spin jl column Su Virltbril 
c olunm 

Spin il 1 oniniissun 7 at ri ta 

878 

sprnal coicl, llh b atoi 416: 
Atnphioxus Aves, 484 : 

(am s, 872: ( olumba In xa 

448, 419 Craniate, 67, 68, 

95*. 96, 98 : Dog iish, 185, 

198,io| I amt t 869, \ 
Mxuni l liitxti a 160. 
J'rtromx on 1 \- Pitio 
nn jii n aim 1 * 189, 144: 

Ixaua 1 ) 818, 325 886, 
380 : latino fam 860. 851 
Sjunil noivi fm unin 1 In 
pnistr 878 

Spinil nci\i U Lit u 415 
Imphwxii 41, iO ( dun 

ha tn xa 440 : Craniate, 9<’* 

108: l’nglish 182 ham 
886: S dm /rum, 860 
Spinal ptirjD i tlumba lu in 
486, 481; Oypattu 467 
spun stemi (tail us 470: 

7 xodus 470 : 1 idtui 470 
spmous nioerss ltpus turn 
iulus 480 

Spin> \nt 1 itn Sec lath\ 
tfossns at t that us 
Spiny dog lishis Sec S qualns 
Spin> uls -Su Oputhonu 
Sfurat h Chondriilihyei, 190 
Dogtish 17 H 185,187,108, 
188, 818 : Polyptnus zhh 
878: Jorpedo, 804 
Spu ir ula 1 c irtilagr Chond- 
nohthyes, 202 thohpku 
801 

Spiraculai epibranchul artery, 
Dog-iish 188 

Spiraculir gill—See Pseudo 
branch 

Spiral vilve Attpcnur, 2 ,u 
Anna 270 . C atcharmus 
205 r htrocctilrus, 276 
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ChonWeMijM. 209 OhMa* 
ImM. 23 * Dog-tah, 184 , 
186: Ganoids, 276 . HMo- 
■TMi, 220 . Ltpsdosttus, 
176 . 178: Pehmytru, 140 * 
Polyptertu, ijb FrOtO* 
gpobiyU, 235 

Splanchnic artery, Lactrtu, 867, 
366 : Bona, SSL S84 

Splanchnic layet of mesoderm 
Ampkwxw, 90 Oraaiata, 
123 * Rana, i 13 

Splanchnic neivc, 1 epus cunt 
culm, 514 

Splanchnotomc See Lateral 
plate 

Spleen, Avu. 47 / l olumba 
Inna , 442. 143 Graiuata, 67, 
84 * Dogfish 185. 1 HO 
fishes, 80: Lainta, 867, 860, 
370 Leptdo'teuh, 278 : 

lepus cwntulns, 608. )<*> 
Rava 818,310 S abnajario, 
848, 249 

Splemal, Avei, 485 : < olumba 
hi 1 a, 44 O tynognathus, 

888 : J)i»iihodon 888 : 

inplopttiavhatUi'Btt : J fit 
ci 1 aferf« * jot *i( 11 207 Ilolo- 
ptuhuis fltmtngi 288 : la 
uita *fi 2 Osh oh pis mono 
lepidotus 286: Piotoptmi 


il Snuiwuwu/nis 


Splf ned t< 1 th, 1 pun atndu s 
jotstet' 21 r 

Splenic .irttrv, 1 tpu cunuulus 
508 : 821,824 

Spknu sun liana 822, 824 
Spknium, / epus cunuulu, 
510 Mammalia, <»7t* 
Pitrogah pt mu I lata 678 
S]KxmliilJs 1 Platah a 
spoonbill Stnrgtfin Sit 
Poly 1 uion 


Sprat* 

Squalid tt, 17, 

Squalvd mtldrt 

Baoaloidea, 1/<> 177 
Squalor aja 112, 214 215 
Squalu* 1-7 205 'o 0 
Sqnamata* *0/ j „ 
Squamosal \pU n v mauti IU 

472,478 : Area, 485 : Dnuv 
skull 75: ( um> iamltun , 
578: Oatairhim, 640 : 

{ utieUs itaudalus 547 : 
CetMea, 58 b t Attorn m\das, 
406 : Ohalonia, 400 < ol¬ 
umba liua , 484, 4 « <■ «», 

888 : Craniate, 7H < rmo 
dilus powsHs 407 : I lotiilus 
408: VJoM/ms srmmtus 
887 : /->as\ urus, 689 : U*p 
lupin ax Iratlh 887 ! V mys 
tun<p<ru, 406 : / puiratodus 

Jorsh n 205 / V* 1 **'. * 68 , 

640, 008 : J ‘h' tW 1 *' #78 : 


Ulobioetphalut, 888: Oor- 
UM8 IiM: Hohpiyeluus, 
886 : Holoptychiut flemingt, 
888 : Homo, 661 ; lektkyo- 
pktieluhnota.&U : lehthyo* 
stega, 881: XMMtlTCn.ND: 
y aetrta, jbo, 881: Leatot* 

1 840: 1 1 put euiueulus, 
488, 404 , 486 i Mtnuneht. 
618, 840, b 4 i. Manatus 
tentgaknt k, @J : Myrme- 
copkaga, 867, 888 : 0 «»- 
1hoih\tuhus, 667 : Osteo 
ltpn maaolepulotus, 888 : 
Prttogah prnM l a t a, 640: 
PhasioUmm wombat, 688 : 
Flatnchnu, 840: Primates, 
040: Frotothecia, 3 ^ 

Ham, 809, 811, jii 

Salatnandia aha, MB: 
iipfunodon 404, 104 

lath glow us acuiiatus, 688 : 
Tkmndea, 840: 1 fa IHOAO 
don horhuius, 882 : hop i 
donotus natnx, 408 : l upat 
idar, 640; l rsit* jnox, 579 

Squamous sutuie, 1 epus turn 
mins, 491 

S qualma, iy* t 205 , 20 b 205 
Squatimda 177 
Sqmirel Monkc ys —See Suimv t 
Squiri tK s« Scraroidea; 
bilious 

Stalk, t tphalodiuus, 11: 

RhabdopUura, 12 
Stapedial artery, Dog-fish, 188 
Stapes, Amphibia, < "l 

umbahma cjo 487 : Homo, 

676 : I hlh\oph\s glutim^a 
845 : J (pus lunmdus, 49 / 
Mammalia, it a, 070 Rana 
811, 31 i, 827 : \alamandra 
aha, 845 : 1 ulpnle, 818 : 
I hiinaxodoH h > mum, 882 : 
Urodala, {41 

Sljr gazei- -Stt A fios opus 
Starlings 4^ 

Statocyst Set Otoiyst 
''tigampodr s, ^Oi 
Btegooephalia, job* 307 w, 
147 

Stlgomtisf Mft.il, 1 >oh 

Btegosanna, yn 

SUgosamits vie 
s/^n l<»na 1 ,, 

StillllsSiLtOW sk Hulio 
damalu 
S ten udla, K>7 
^UnxunUa hunt~i 169 
SteaosLopiu vision, luisms, 
559 

Stmoapoiidyli, 31 s 

Stereosnondvlous \ ci tt bi , 

Amphibia , 887 : Labpnn- 
ihodonta, 3 j 5 Reptilia, 

398 

S Urna wilsoni, 475 


749 

Sternal nbl, OvatVOO, 577: 
t olumba lima, $86 :(k2Utn, 
70 * , Lacrrta, 880 : Mam* 
mha, 638 

Sternebne, I*pus euuteulut, 
49*t 608: ■emimHa, 038 
Sternotrarheal muscles, lot 
utnba hvw 444 
Sternum, Ambhstoma, 848: 
Aptomis, 470 Atm, 409 . 
470: HatamopUra wnst ulus, 
888 : l artnater, 4 70 Garni- 
Ton, 577 <■ usuartut, 470 : 

OataoM, s'»3> 585 OUnv- 
ten, 55^ tnwnornu, 470 
(olumba lima, 088, 55i 44®. 
441: Onaisti, 7°* booth 
<ioha T 402 lUomeeus t 470 
D&opnodontia, 181 Callus, 
470 : Halmatmus ualabatus, 
588 : Htspiromis, ajo 
L ut erta, 859, )bo Laoartuia, 
402 LtpUj cunuulu s, 491 
Mammalia, 0*8 Necturvs , 

34b Notouiis 470 ffey- 
rfromii?. 470 Ptzophaps, 
470 7 J Am oetra communis , 
585 : Ptoctliana, 470 : Pro* 
tothena, «j2(> jRaaa, 814, 
Raphm 470 Rattia, 
470 Rodanha, 021 Sire- 
ma, bi2 s htngops, 470 

1 alpa 549 : l urdus, 670 : 
Urodala, 34 6 470 

Sticklebacks—Sec (*asteroiUu* 
Stigmata, J pptndiculana, 22 : 
Asndu, 15 *. 16,23.88,84: 
Dolioiutn, 24, 23 * Lamcea, 
21 * 

Sting Ray -Soe Vrolophm 
Stoats—See Mask ltd* 

Stolon, Aamdiacaa, 84: l>o/io 
fum, 85,86*, 87 : Fyrosoma 
28: Salpa, 25, 67 . Salpa 
dcHtoctatua 24 

Stomach *1 pptndiculana, 22 : 
Attidia, 14, 16 : Ascidut 
(ompysita, 28: Bradvpus 
trulactylus 666 : tannins 

666 : Ca»fi,066 : Ltphalo 

discus , 11 : ( olumba hi ta 
442: Cnuuata, 67, 82 * 
Crooodilia, 4 ^ hsh 
is* Doholum 24:lishcs 
89 : Mol^MilialL 219 

Homo 686 : 1 utnta 866 , 
867,869: Irptdosttus 278 : 
Upu 5 emutu/u*, 502 , 508: 
Mammalia, 666 , 667 Mus 
dt turn a nns 666 : Mus 

musculus 666 : Paoora, 666 , 

667 : Photmna, 668 : Rana, 

818,819 : RhabdobU uta 12: 
Salmofat 10 ,2 47 ,248: S alpa, 
25, 87 : lachyghssus 

acuhatm, 686 : Tamatm, 
276 teasel, 6 M 
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Stomata. Craniate, 95 

Stomodmum, A sadia, 15 * * 
Lepus, 686 : Rana, 880 , 331 
Storke—See Cuxmta 
Storm Petrels—See Ocranttos 
Stratum comenm 
63 Feather, 480 
Stratum malpighu—See Mal¬ 
pighian layer 

Stria, longitudinals of carpus 
callosum, It pus cuuutuus 

511 

Singes, 462 

Stugida, 462 , 474 477 
SUpfomM. 462 
Slrtneops, 470 

Strvtku), 458 , 475 476 , 474 , 

Mra^aodlannMt 4 >,h 
Sturgeon—Set Aupinscr 4 
ndhenm 

Styles of molars. Mammalia, 
657* 

Styliform cartilage. Petto 
my-on mm tit us, 186 .1 58 * 
htyhnodon 616 

Styloglossus Lepus cunuulus, 

Stylohyal (Aobiocephalus, 688 : 
Homo 502 Lepus cum 

t ulm 193 Mammalia. 888, 

O 41 M attains senegalensis 

812: Primates, 563 
Styloid process Homo 502 
Myxtne 149 Myxme glu- 
fuiat0 r 16O: Petromyon, 137 * 
Petromyzon mannas, 186. 
188 

Stylomastoid foramen, Lepv* 
(umculus, 494 PUlocercu 

town 548 

Stylomastoid prottss, 1 tpUs 
cunuulus, 402 

Subatual ridge, Amphioxus 

58* 

Subclavian artery, (olumba 
Ima , 447, 44 b Oramati, 
88 : Lrocoduus, 414 : Dog 
fish, 187. 188: Fishes 89. 
qO* I acerta, 887. 368 418 : 
Lepus cuMculus, 682. 500 
607: Mammalia. *>70 Rana 
821.221 

Subclavian veins, Craniate, 
92: Dogfish 128. xbg 
Fishes, 89. 92 * Iaterta 
887. 3O8 37° 418 : Lepus 
runic ulus 608. 30 b 807: 
Rana, 824: Salamandta 
maculosa, 860 : S almofano 
252 

Subdavius muscle, (olumba 
lima, 440 441 

Subcutaneous lymph sinus, 
Rana, 824. 3*5 


Sobdigitigtade loot, Ml 
644 

Subinteetmal vein, Amphioxus, 
41,47*. 58: Fishes, 93 * 
Sublingual glands, L opus cunt- 
cuius, 501,502 

Submaxill&ry gland, Lepus 
cumcnlus, 501 , 508 
Submentalis muscle Rana 817 
Submental sinus. Dog hsh 188 
Submucosa Gramm, 82 * 
Mammalia, 110 
bubocular arch, Myxxne gluim 
osa, 150 : Petromyzon, 137 * 
Petromyzon martnus, 185,186 
Subopercular, Cheiiolepts, 288: 
Chondrosteus acipetiscroides 
281: t occocephalus midi 
282 : Oroasopterygu. 288 : 
Dtplopterax hailh, 287: 
Holoptychxus ftetnmgt, 888 : 
leptolepis btanni 257: 
Usteolepis macroh fit dolus 

286: Palaomstus macro 
pomus an: Salma fano 
287, 241, 243 

Suborbital Ltone Locco\tcu\ 
decxpxttw 181 : l pieerutodu'* 
forsten , 295, 296 : Ihtero - 
sleus, 188 : Leptolepis 

btonnt 257 : Palaomscus 
tnacropomus, 227 
Suborbital canal Anna call a 
108 

bub^ientoneal ub Craniate, 

Subscapul ir \ ern J pu 11 aiodus 
fonttn 299.300 
bu b\ trtebral h mph &inu s, 

Pttromyzon maintm 144 : 
Rana, 323 

Subzonal meuibiane^- Sh 

Chorion 

bucket, Rana cinbiyo 880, 3*1 
Sucking hsh-Su l chtnns 
Sufflaminal plait Ptnuh 
thy odes 16 } 

Suula 600 6 bi ocu 
8 aunin. 350 
Sula, 461 

Sulcus mtraencephalic us 

posterior J aoerta 972 
Sunbittems—See lutvpygtdtr 
Sunfish- Sec Mala 

Sooidea, 600 

Superognalhals Ptenchthi 
odes, xb3 

Supra angular Aves, 485 : 
C olumba Ima 484 44 b 

Iaterta 881 , 3 hj Iropi 
donotus natnx, 408 
Supraclasicle, Salfito fano 248 , 
*47 

Supiackithi um ( ht 1 tolepis 
888 : < hondrosteus aetpen- 
seroides, 881 : (occocephalus 
midi, 888 ; Hchchlhys 


elegans, 280 : Leptolepis 
bronnt, 857 : Palceontscus 
tnacropomus, 287 : Tatao* 

Supracondylar foramen, In- 


540 

Supracondyloid foramen, Oar* 
Btam, 579 

bnpraethmoid bone, Protop 
terus, 806: Salmo fano, 
240 , 94L 242 , 848 

buprammlla Leptolepis Iron 
ni, 267 : Sa/i»o fano, 241 

Supraocmpitdl, Anura, 344 
Afteryx mantelh, 478 : Aval. 
486: Bony skull, 76: B*ad<\ 
pus tndaUylus 888 : Cams 
famthans, 678 : Oetaoea, 

688 : ( helont mydas , 406 : 

( olumba hixa, 484, (35 

Oraniata, 73 * Dasypus 
wxanctus, 827 : Dasyurus, 

689 : I mys europeea, 406 : 

olobiocephalus 682 : Homo 
661: Ichthyostcga 884: 
I aoerta 360 881: Lepus 
tunuuhts 4 «jt, 402, 406 : 
Manatus stntgalenus 012 : 
Mynvuophapa 827. 628 ; 
Phoc ana communis 686 : 
Pholtdophorida 256 Pto 
cavxa 016: PiotopUtus 805 
Mammalia, 880 • s alma 
fano 841, 23 . 844, 848 
Smnia, hr 2 Jropihuotu 

natnx 408 

Supraoicipital region 5 ala 
mandtaalta 346 

Supraorbital Ihploptci ax 

traxlh 887 : Holoptxuhi as 
flemtnqi 888 : 1 accrta, 360 
881: Leptolepis brown 857 : 
OsteoUpu maciohpidotus 
888 : Palaomscus main 
pomus 887 

Supraorbitil crest f) 0 £, b h 
181 

Supraoi bital f 01 amen, I ptet 1 x 
mantelh , 478,478 

Supiaorbital pi ite, Oetaoea, ->su 

Supraorbital process 1 epu\ 
c unto ulus, 494 

Supraorbital region S almo 
solar, 845 

bnpraorbital sensory tanal 
Chmatius tcUculalus 165 : 
Lpipciahchthys wildun- 
gensts, 188 

Suprarenal body, Oraniata, 
122 * 

Suprabcapula Ohondnehthyes, 
203 Iaterta 860, 36 \ 
Leptolepis bronnt , 867: 

Palaomscus maeropomus 
287: Rana 200: Sala 
mandra, 842: Sphenodon 
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Suprascapular cartilage, Lrpus 
mtmtum, 497 

Supraatopedial, Columba hum 
437 

Supmtcmporal, Ch<mdro*i$w> 
anpen&erotdes, SSI : Diplop* 
ierax ttadh, 887 : Ucluhthyi 
elegans, 280 : Holoptychius 
fim%ng% 888: Jcmyostega, 
884 : 3<*. SO: 

Ortoo/opt* macrolepxdotus, 

Supxatempoial arch, <*pkeno 
don, 405 

bupmtimporal fossa, Split no 
don, 405 

SupiatcmporaJ literals nerve, 

Cramata, 102 

Supratemporo - intertemporal 
Ltptolepis btonm 257 
Surangular, (yttoguathus 888 : 
Diwelrodm 388 : lhplop 
let ax traslh 887 : Holvp 
lychnis fltnnngt 888 : Ostcn 
lepis maaolepidotus, 886: 
Scymnosuthm 888 
Sics scrota OOSt 881 
Suspinsonuni —See Jaw sus 
pin sion 

Suspensory ligament of tyi 

Cramata, lilt ui* 

Sw illnws- St« tluuduude 

Swans See Cxgnn s 

Sweat glinils Homo 684 : 

Mammalia, 0)0 
Swifts- Set Mntnodida 
Sword fwh 2O1 < 

Sylvian hsum / tpuseunuulus 


500 

MJTTWiff, 46. 

Bymbranehu, 

Symmetrodonta. 51/, 41**, 5-1* 

668 

\ymmonuw 1,3 
Sympathetic nervous system, 
Cramata, 97* 109 J cpits 

tUtUtuluS 513 

Symphysis- See Mandibuln 
s\ mphy sis 1 uhic sj mphy sis 
S>mpkitic Atipinstr, 872 
1 r Molt pi* bi nun 867 
So/iiio Jar 10 841 * 2 13 244 
Salmo dial, 245 
Synapses Cramata, mO* 
Synapoda, 375. 876 , 3^* 
424 

Synaptic ul* intphioxus is* 
Enteroimeuita, 5* 
Byndictyla, 532 

Syndaitylous Metathena, 431 
Bynentognathi, 25S 203 
hyngnathtda, 261, 27” 283 
SynolusbarbasUilus 660 
Synovial joint, ( oluniba hi ta , 
488 

Syr sacrum, Aves, 469 <■ ol 

umba hvta, 482 * 434* 442 


Syrinx Am, 478 Columba 
hvta, 442 , 443 444 
Systematic position—Set Claasi 
lication 

Systemic arteiies pishes, 90* 
Systemic capillaries Pishes 90 
Systemic heart, Mammalia! 
04* 

Systemic trunk Ratia, 820 , 821 , 


1 

1 \nuLAR, Ckondrosttus cut pen 
a routes, 281 : JJtlirhihxs 
tie gam, 280 : liktkyosiiga 

884 

7 achyglossxda 423 525 42b 
Jachygtossus 687 
lachvglo susaiuliatus 626 , 680 , 
826 , 668 . 673.674 
lartile corpuscle Homo 110 
1 aclile spot Rana, 110 
Iadpole, 818 , 321, 322 327 
881 , 332 

1 senia hippocampi, 1 epus cum 
cuius , 611 , 512 Mammalia, 
672 

lamia sumcirculans I epus 
luntndus 611 

TesniodontuL, 41H bib 

J umolabts 620 , 421 
Jagttssmda floo 
J nl Widian larva, 84 : 
Ctlumba hvia 4.7 Qrani- 
ata, 6- 67 : bankna 

481 : Lemuroidea, yn 
hau a 880 - See also ( mil il 
hn 

T ill co\ 11 ts ( oluniba In ia 431 
Jailor bud—Sti (htnotomus 
1 ul tract See C wild ptcrvli 
Talonul molar, Mammalia, 044* 
ralpa 687 549 
lalpula 444 
Jamandua, 1>m 
lapetum ccllnlosum Dug fiA 

104 

Tapmndea, 4^0 40 f »* 

Jap™™ 590 

7 aptt in americ units 506 
Fa pints mtltrus 590 647 
I apuus 1 oi/Zn/i 5t|4» 

Iapirus teutons 597 
1 upon 25H 

i aisal 1 irtilugc ( oluniba In \a 

440 

1 irsdlhorny spur Ounlhorhyn 
thus, 627 

i usals, Lm\s cunptra, 409 : 
7 aterla 866: R ana 316 
S^hmodon, 680 : Tetrapod, 

Tarnodea, 455 . 557 640 
lamp**, 43 *. 5 U 53 b 
J arsine 558, 459 
Tarsias spettrum 54 / 568 


L arsometataraus, Columba 

hvta, 406 , 427 620 ; Pen¬ 
guins, 476 

J arsus, Carnivora, 479 Crr- 
1 us elaphus, 847 : Chalonm, 
409 LiocodUus,OQ: Lmys 
europea 400 : Fquns cairn- 
lux, 648 : Carfoa. 666 : 
Homo 566 : lamia 866: 
Lepm tumculus, 500 Mam* 
malia.64^ 644 646 Pong* 
666: Primates, 5 <>r. Prrto- 
tberia, 530 sph* nodon 408 
Sus scicja 648 : Irdemno* 
don agihs 644 

Iasmaman Devil—See S atco- 
phtlus 

Taste Cramata, m 
lastebuds, Cramata, m 
J tpu\ tumouius 501 Mam¬ 
malia. 110, 66b 075 
Jastc organ of Gramgsta, m 
Mammalia, 674 Petromy on 


liitu \niudillo—Sec Datypus 
si vcinc lui 

Teat Cow 687 " Didelph\ s 
887 : JIalmafurur 887 . 

Mammilla, 687 

lieth AeautMu, 146 Am¬ 
phibia. 347 htheopttrw 
lUhographwa, 463 466 £ 

Artiodaotyla, 661 Aves, 
477 Brady odontu, 174 
< alloihynchns antarcticu ? 

220: < an*dtr 473 (ants 
664 . ( arm fanuhans, 576. 
662 : Carnivora, 573 664 : 
Oetaeea, 603 < kumnxs 

648 Chiroptera, 665: 
Chondnehthyes, 204 Cou- 
dylarthra .566 Cramata, Hi* 
88 : Crocodilia, 41 1 Cyno- 
eephala, 554 Utiulrohuar 
814 ; Didclphyswanup jIi s 
660 . fhpttms i altnciennt si 
202 Ideshde, 1/4 Blfr- 
phantoidea, 663 Phphas 
maxunux 806: / otdanopi 
680, 690 : J ptceratodus 

f(* stm 206, 296, 207 
EqUQUtoa, sot Lquus 690, 
692, 662 : Euselaehn, 175 
Idu, 684 ; 621/01-wu 477 
Irlobe 6-vh, -7b Hatter ia, 

411 Helodtrma fio Her 
pt ties 664 : Ht s pt torim 

477 Holooepbali, 215 210 
Homogala r 690. H\ ana 
brunnea 574: Ilyanodon 
576: Hyrathius 489 690: 
Hyrocoidea, <>14 Hyraci 
thciium , 600, 602* A My 
of ms 477 imanodon 
mantelh , 891 Insechvon, 
666: 2 o 5 iirM>& 27b 

Labynnthodontia, 335 
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lauita t 366. Lamuroidsa, 
)5<> Lagt norhynckw, 958 : 
Lipus cunu ulus, 108 , 401 , 
501 J Utopterna, 

570 Macropus major, 050 : 
Mammalia, 050-666 MeU », 
104 : Mnohippui, 998 : 

Itaittaris, 511* 658! 659 

Jlft otrvgu i, 058 Myxxnc 
148 Odontopterv r, 477 
OpUu, 410 Orm/AorAyn 
thm. 5 H, 5«5. 058 Oi>cIrf 

opus 000 : Oifeofe^is warn) 
fopsrfo/ws 2S3 Oxytrna 570 : 
Pavthna panius 574 : Pan- 
tottm 522 Peoon, 002 
Pnamclc'; 058 : Perused* 
totyU, 5hg 500,662 P<ta> 
13S Pitromyzon 
fluuatilis 184 : PcUomXuon 
martnus 185 : Phascokuctvs 
nneuit , 650 ; likes 27O 
Pleoropterygn, 175 Polyp- 
tenni, 253 i’o/v . 05S 
Primates, sn 605 Probo- 
SCldea, <*>4 Pi or ion /o/iw 

574 : ofr/cs 658 Proto 

aiui, 588 : Pioiohxppi 508 : 
Ptotopterut , 805 : /'wIojo- 
A//>/>Ks, 592 :Prototheria, 5 ^ 

Ptozeuglodon 583 J-ftfocrj 
<hs loom, 548 : ita'io 818 : 
ReptUia, 410 Rhinotnos 
500 : Rhipidistia, 2S5 

Rodentia, oiS Whio /ano 
236, 247 .Sajro^Aifu? umn 
ms 600 : Sa/gus 876 : Sir- 
8015, 663 Sjbhcnodun, 411 
Sua A«o/a f 661 : Symmetro- 
donta, 5-1 lapirm , 590 : 

Jaitdea aminoana 674 : 
Trieoato, *75 Thecodo&ha, 
411 lillothnimn 
J1 tanothi num 680 : Tnoono- 
donta 521 UnKolaU, uOi 
( rsifs 664 : I f sms auto*, 
574 I firrtn zibethica , 574 
leeih dermal, Pop fish, 1 , 7 
7 >ii da> 423 

J th imta carpi! ( tivnlce, Go 2 
1 eh nccphalon Cmuata, 97 * 
98,100 : Salmofano 851 
TUeostsi, 78 , 86, 87 , 22O 2|b 
254^^4 

Tebaatomorphormes, 461 

lelolcnthal ovum Jtana, 329 
I i mnosponch 1 v j«>b 
.Temporal, Homo , 5O2 
1 tuiporal arches GrooodllUl, 
407 Lacerta , 362 Spheno- 
don , 405 

remporjl cana] Inna ta/ia, 
106 : Protothena, 52S 
1 emporal crest f /i/or # »rtiv 
loom 548 

Temporal fas a, Carnivora, 
577 Cheloma, io«i Croon 


ddu^ 40/ Lacerta 1O2 ikelodui, 133 
Mammalia, 040 spAiwxfcw, Thsrapsida, 350 380 
405 theria, 517*, 690 

Temporal lobe of biam, 2 tpus Thenodontia, 890 , 381*, 424 
cuhichIus , 500, 518 Iteopoda, 300 

Temporal region Gotyloiaum, 7 hiuocorythxdcr, 461 
375 Reptolia, 37s Ihird cranial nrr\e-See 

rempoialis musilcs, Hal 817 Oculomotor nerve 
lenen 261 1 lmd ventricle -See Piaccele 

Itndons, Ratta, 316 817 Thoathenem, 560, 845 

i tnrec —See C enteU s I horacic air sacs, AtM. 446 : 

Tensor musdti Columba hota < nlumba Ima 444 
_ 44®. 441 Ihorauc duct, G6g 

1 entades, A si tdta, 14 , 16 *. 16 , Iluuacic ganglia, lepus runt- 
23 Astiditc comport a, 88 : iuIus , 513 

Myxxnc, 148 : Pyrosoma 80 : Thoracic regum, Orooodilu, 899 
Rhabdopleuia, 11 18 : Sa/pa Ihoracolunihar vertebra, 

*7 Carnivora, y/7 Parnates, 

Icnlicular groove Ichthyo 560 
phu gtuimosa 845 l hoiacoptnns 868 

Tentatulum, Holoceph&ll, 815 Ihoracu \crtebra 1 Columba 
1 euth cianial nerve—bet‘\ igus In ia 1 1 3 448 : I am ta 


mive 

icntoml plant ( unis Jamilt 
at/s 848 : homo , 648 : 
Wammaha, <»41, 648 : Papn 
648 : Pka\cola\(to s 648 
Jtrunnali^ nerves, Crania ta, 
102,103* Dogfish 102 
lerns See Land(t 


»55. 559, 3 fiO IfpUs 1 Will 
ruht 1 489 ,400 Mammalia, 
M\niutnphu(>a jubata 
688: Sirema, 012 
Thoraeosta, 201 
Lborax Cramata, 6 S* / rpus 

rumcuht 501 508, 508 
lhief toed sloth Set Uiad\ 


l(rtiar> Reptllia, 424 pn> tndutihis 

list luidia, if 14 , 16 , 17 , ilucshu 1 ; 0 
19 , 22 1 1 tdiu lompositii f Minmnchn 384 

88 t hi ma \ odon h vl/tn u 882 


J 1 st cells Asmdiaoea, - s 89 Therocephalia, 3^4 

i 1 stis, Ippin hcularui 22 , 2b I hrushi s —See l utdnla 
Asndia lH Asti l a um Ihnorwmvs suiuduauu 019 


pnsitn 28 : dstnht sun / hurvus 

plicts, 2S ( affoth) nchu l hyaU s, 188 


antautuus 288 : Chondnoh- lh\tannu , 5^. 5^1 

thyes, 20/ < olxtmha Ima Jhxlacol/o, 55; 

448 , 151 458 : Cramata, lhylatoU u<in/i v 587 

121 Dogfish 198 , up 4 Ihslatoms M 


JjoI/oIhw 84 , 2S Enterop- 
nensta, f Ifiicnatuht 
J)i tni 301 Boloogpliali, 
«*2 1 at ota 867 , 874 , ri 

lipuhsUus 881; 

(ini^u/rn *,15 Mammalia, 
07; My urn 151 /-* fionn 
-tin man inis 144 : Pyrosoma 

2h 7ifrt;iw 818, 881, 888, 

388 : Vi/uiii /aj < 846, 

Sa/Aa 2S urochorda, -S 
Urodela,851 

/1 studo gi a 1 a 397 
irstudo loundgu pn 


I hymn** gl md c olttmba lu /1 

4M Chondnohthyes, 205 

( mm at a s^* 2 tpus t mu 

tithis 5<>q Ram 3 m 
I h\iohv tl Ci lot inc 1 phnlu 

588 : J tpus iwnmtm p 
Mammalia, 689 , 041 

Mamins snngahnsis 618 
I hv 1 < ml gl 1 iul Chondnohthyai, 
*0, ( olumba Ima 4}) 

Cramata, 67 , M3* Dog fish 
185 . J aorta 887 , 370 
/ tpus ntnirulus 508 , 5<h; 
Run a Do 


Ictomus 557 

l etraihrnodon , 54)7 (ip 
iitrao 4O1 
Jctrapod, 79, 80 , 
letrazooid Pvosorna, 3^* 

Thaiiaoea, 20* 

l beliesian valve Mammalia, 


jibn \pt nv otdini, 477 ; 
btajypu a tudactvlus, 880 : 
Oetaoea, 5 S 7 Cutuda tut 
ana, 401 : ( olumba In ia t 
440 : Crocodilu 399 410 : 
hmy% mropaia 408 : HaU 
maturus ualabatus, 588 : 


O70 Lepus (.unuului, 505 lacerta 885 : Lepus cunt 
Theoodontia, 878 , 3^7* 411 < ulus, 490 Mammalia, 04* 

4^4 Metathona, 540 Oimthoi 
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AywAu*, Jjgg: ^ J’k tUm^rr, Tatofo w, 571 


sn^Wi 

TiwSk^jWw otrsni, 177: 
Croeodilvs, CU): Spkmodw, 
408: Tetrapod, 81* 

TibntUi humcIm, JtMi 117 
Tiblafibula, tf«w. 808 , «i6 
Tfldofibalan, iawrfe, MB 
Tibiotanos, Cdvmba lima, 488 
Tigors—Set* Fttida. Fttit tigris 
Tiger shark—See Stegostoma 
TfCfiih. 261 
TUtodnptia, 518. 616 
rUMmimi, 616 
Yinomiformes, 459 
Tmomoms, 459 
Ttnoceras —See LoxolopMaion 
Titanichlkys, 162 
TUanothtnida, j8$ 

'J Oanothtrttm, 880 

ntaaottmita. 589.597 

Totypeutas, 626 

longue, Alligator, 411 : 
Amyhifo . 347 : Am. 477 : 
Balanoglosms, 4 * : Ckama- 
Uon, 411: OMoain. 412: 
OhonmohtfayM, 205: Col- 
umba Uvia, 442, 448 : 

Craniate, 84*: Crocodiiia, 
412 : Crotalus, 481 : Emys 
turopaa, 411 : Homo, 675 ": 
Laterla, 366, 888: I*t>u% 
cuntculus, 501, 808 : 

Kmnilki iio , cMib: 
Monitor indicus, 411 : Myx- 
ins , 149 : Petromyzon, 137, 
138: Petromyzon fluviattlts, 
184 : Petromyzon matrinus, 
188 : Ptyohodera bahamen- 
sis, S : Rana, 818 : Rep- 
Mia . 411; Salnto farto, 

236,887,018: Urodelft, 347 
Tongue-sheath, Monitor t nui- 
rw, 411 

T oothed Whales—See Odon- 

Tooth-papilla, Craniate, 88*: 

Mammalia, 630, 881 
Tooth-plates, CaUorhynchus, 
815 : Coccoxteus deczpims , 
181 * 162 : E las modus, 018 : 
Harriotta, 018 : Myriacan - 
Mils, 018 : Rhymhodas, 018 
Tooth-pulp, Craniata, 83 * 
Topis, 177 

rorNOMfl, 7, 8*, II, 12 
Tomieria , 390 
Torpedo, X 27 , 004 
Turtoises, 379 , 395. 887 
Toucans—See Rhampkastida 
Touch-cells, Craniata* 109*: 

Homo, 110 : Rana, 110 
Touch-corpuscles, Craniata* 
109* 
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Trabecula, Craniate, 71*: 
Crotalus, 408: MUdii, 403 : 
Sotmo jotor, 845 : TmMa, 

TrlfcJcular dentine of placoid 

scale, 64 

Trabecular region, Craniata* 
71* : Salmo farm , 242 
Trachea, Am, 415, 477: 

Chamaleon, 418 : Col umba 

Uvia, 448,443.444 : Latffta, 

888* 887* 860* 37° ■ 

Beptitta* 412 

Tracheal rings, Lacerta, 370 
Trachinus, 270 
Traehodon, 391 
Trachypifus .m 
raMPUmflaa* 001 
Tragulus* 601 

Transverse bone— See Ectop- 
terygoid 

Transverse Muscles, Amphio- 
xus, 42*, 46 

Transverse process, Amblysto - 
ma, 848 : Cetacea, 585 : 
Columba Uvia, 488* 434: 
Craniate, 07, 7 °*: Croco- 
dilus, 400 : Dog-fish, 179, 
180: Lacerta, 359 : Lepui 
cuni cuius, 480, 4R0. 

Phocana communis , 688. 
Python, 888 : Rana, 809. 
310: Ramdens, 848 : 

Spilerpes, 848 

Transverse vessel, A scidia, 18 
Trapezium, Homo, 565 : Lepu s 
cuniculux, 488, 499: 

Mammalia, £46: Mcsonyx, 
848 : Ormtkorhvtuhus, 607 : 
Pat* 10 anubis, 866: 2 alba, 
64 9 : Tapirus tndicus, 647 : 
Tetxapod, 80 : Tritemnodon 
agilis, 644 : Vrsus atnen- 
canus, 579 : Xenarthxa* 629 
Trapezoid, Brady pus tndacty- 
lus, 880: Equuscaballus, 648: 
Globtocepkalus met as, 688 : 
Lepus cuniculus, 498, 499: 
W|nnn^A 6^6: Mesonyx, 
848 : Orntihorhynihu*, 507 : 
Pap 10 anubis, 585 : Sus 
scrofa, 848 : Tatpa, 549 : 
Tapirus tndteus , 847 : 

'I etrapod, 80 : Tritemnodon 
agihs, 644 : Ursus ameri- 
canus, 879: Xenarthra, 029 
Tree Snake, 389 
Trematasptda , 126, 130 
Iremataspis, 189* 130 
Tremataspis chmidit, 180 
Tnassic, ActinopterygiL 225: 
Amphibia. 333. 335. 337: 
DipneutL 293: Mammalia* 
3 x 8 , 320 : Protospondyli* 


233: Reptilia* 377- 380, 
381. 884* 385, j86, 387. A *4 
Tnmatops, 391 
Trioheo h a egmee* 6n 

THc^hts-^sS Manatus 
Trichosums , 688 
Triconodon , 321, 888 
Tzioonodonta* 517. 5*8, 521, 

656 

Tricuspid valve, Lepus cuni¬ 
culus, 505,505: ■ Ma m a Ho . 
O7O 

Trigeminal ganglion, Craniata, 
103* 

Trigeminal nerve, CaLlorhyn 
r.hus antarctic us, 001 : 
Craniata, 103*: Dog-fish, 190* 
192,198: Petromyzon , 140; 
Petromyzon marmus , 141 : 
Torpedo . 004 

Trigeminal nerve foramen, 
CaUorhynchus antarcHcvs, 
000: Craniata. 72*: Dog¬ 
fish, 180* 181: Salamandra 
air a, 845 : Salmo solar , 045 
Trigger-fish, 261 
Trigonid molar, Mammalia* 
654* 

Trtgonostylopider, 372 
Trigonoatylsi^idea. 57^ 
Triisodontida, 576 
Trilophodon chinjirnsis, 608 
Trilophodon cooperi, 809 
Trilophodon mactognathus , 809 
Trilophodon palmndxcus, 809 
Tnoracodon, 521 
Tritemnodon agilis, 844 
Tritor, Callorhrnt hits on/ouli- 
cus, 080: HnloeephalL 219 
Tritoral area, Hcflocephan* 018 
Tritubercular molar, Mamma¬ 
lia* 633, 666 

Tntuberculo-scrtorial moUr, 

Mammalia* 633 

Tntylodon long ecu us, 619, 320 
Tritylodontcudfla* 5*0 
Trochanter, (olumba It via, 489: 
Ilalmaturus ualabaiux, 588 : 
Lacerta, 365: Lepus cum- 
culus, 499 

Trochilida, 462, 486 
Trochlea, ArtiodaetyU* 648: 
Carnivora. 649: Condylar- 
thra* M : Equus, 649 : 
Hippopotamus , 649: In- 
aeetivaii* 640 : Laceita , 
364 ■ Lepus cuniculus , 408 : 
M^mniiitA l G46,647: My tax, 
610: Primates* 640: 

Rhinoceros, 640: Bodentia, 
040 

Trochlear nerve, Craniata. 108, 
103* : Dog-fish. 190* 100 : 
Petromyzon , 148: Skate, 

116 

Trochlear nerve foramen, 
Dog-fish, x8x 

3 C 
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VtogonitamM, 462 

Tragonthmium, 616 
Trogone—See Xrogoaidm 
Tropboblast, Aroicoh, 887: 
Erinaceus, 887: Mitomal i a. 
881,Me: Mus, 887 
Tropidmsotus natrix, 408 
Trout, Brook—See Saimofario 
Trout-perch, 261 
Tnmcue arteriosus—See Vent- 
nl aorta 

Trunk, Graniata, 62 87: 
Prnbwjddea. 603 : Pteiro- 

Trygon, 213 
Trygonorhina, 202 , 208 
Tuber calcanei. Ghiropten, 553 
Tuber cinereum—See Infundi¬ 
bulum 

Tuberculum olfactorlum, Epi- 
ceraMus fortiori, 301 : 
Lepus cuniculus, 310 : 
Tacky glossus aeulsatus.- 978 
Tuberculum poetarina super- 
iua, Lacerta, 878 
Tuberosities, Lepus cuniculus, 
498 

TataUdentata, 518 , 632 
Tunic, Aseidia, 13 * 

Tmiwti—See Proohorda 
Tonidne, 13 * 

Tupaia, 346 , 858 , 

Tupaiidet, 54 O, 547 , 640 
Turbinals—See Ectoethmoids 

TaiMnam, 461 

Turdidm, 462 
T urdus, 470 

Turkey-Buzzards—See Cath- 
artes 

Turkeys—See Mclcagris 
Tumicida, 462 
Turtles, 878, 379. 395. 81* 

1 uriur, 462 

Tusks, Pinotkerium, 808 : 
EUpkas, 800, 800 : Moeri- 
therium, 808: Proboecidea, 
808 : Rhynchotkerium, 008 
Twelfth cranial nerve— See 
Hypoglossal nerve 
Two-toed Ant-eater—See 

Cycloturus 

Two-toed Sloth—See Cho- 
lospus didactyl us, t. hoff- 

mount 

Tytopoda, 600 

Tympanic, Costs famttiaris, 
678: Cataxrhini, 640 : Cet¬ 
acea, 386 : Easy pus sex- 
rnnetus, 887 : Equus, 840: 
Home, 562 : uaeottVOM, 
840: ItMMioUea, 563 .840: 
Lepus cuniculus, 494 : Mam¬ 
malia, 680 ,840, 641 : Mana- 
tut seuegalensis, 818 : Mata- 
tbaria, 539: Myrmecopkaga, 
887, 888 : Petroeak peni- 
cillata, 840: Phascolomys 


wombat, *80: Ptetytrhinl, 
840 : Primate, 810 : Pro- 
emia, 818 i Prototheria, 
328 : Ptiloeercue tovrii, 848 : 
Mata, 613 : Tarsius, 640 : 
Tupaiida, 640: Ursusfrrot, 
878: Xenarthra, 627 
Tympanic bulla— See Bulla 
Tympanic cavity, tiwWM*. 
331 : OatudUni, 040 : Col- 
umba livia, 484, 433 : Equus, 
840: InaagHma, 810 : 1-a- 
certa, 373 : LemnnUaa,040: 
MammaHa, 040, 676 : Orui- 
tkorkynchus, 887: Piatyi- 
lUni, 640: Primates, 640 : 
Rana. 326 , 887: Reptflia, 
4 x 6 : TarMoidea, 640 : Tu¬ 
paiida, 640 

Tympanic membrane, Amphi¬ 
bia, 3$i : Chelonia, 406 : 
Graniata, xi8: Emys euro- 
paa, 408 : Mammalia, 676 : 
Beiia, 326, 887 

Tympanic ring, LemnroMea, 
356: Rana, 3x3. 887 : 

Tackyglussus aculeatus, 589 : 
Tarsius, 338: Ursus ferox, 

579 

Tympanoeustacbian fossa, La¬ 
certa, 362 

Tyg^arwhjral,362: 

Tympanohyoid fossa, Ptilo- 
conus lowii. 648 
Tympannm, Columba livia, 
443 : Lacerta. 373 
lypklonus tew, 885 
TypUopiia, 405 
Typhlosole, Aseidia. 16*: Pet- 
romyton, 139 
Typothoria, 571 
Typotheriida, 371 


Umtnui—See Dinooerata 
Uintathenum. 589 
Ulna, Alligator, 409 : Ar- 
chaornis tiemeuti, 464 : Ar- 
chaopteryx lithograpkica, 
465 : liradypus tniactylus, 
680 : Ottawa, 586 : ChJrop- 
tm, 352 : Cistudo- lutana, 
401 : Columba livia, 487 , 
488 : Crocodiles, 800 : Di- 
cynodantla, 884 : Edesto- 
saurus, 888 : Equoidea, 591: 
Globioccphalus melas, 898 : 
Gargonopria, 884 : Hahna- 
turus ualabatus, 588 : In- 
UOUTOta, 349: Lacerta, 363, 
884 i Lepus cuniculus, 408 : 
Omitkorkyuckus, 687: Pate* 
——i- 804 : Phocana 

communis, 685 : Pinnipedia, 


«8x: Primate , 363: Eo- 
*■***■1 622: OpiHHk 6*3 : 
Spheaodon, 000 : Sterna 
mkOni, 470 ; Sue tcrofa, 
998 : Talba, 840 : Tapirus 
indices, 847 : Tetrapod, 79.: 
Xeaarttm, 629 

Ulnare, Alligator, 480 : Colum¬ 
ba livia, 417 , 488 : Di- 
cynodontit, 884 : Qano- 
nopria, 884 : Lacerta, 884 : 

EHr* T *- 

Umbilical cord, MamtiMiu 
689 

Umbilical fold, Avei. 484 
Umbilical vein, MifimtHf " 
MB -f 

Umbilical vesicle—See Yolk sac 
Umbilicus, Columba livia , 488 
U nau—See Cholmpus didactylus 
Unciform, Bradypus tridacty - 
lus, 680 : Equus caballus, 
648 : Globioiecphalus melas , 
688: Halmaturus ualabatus, 
688 : IrOpus cuhu ulus, 488 , 
499: Mammalia, 640: Mrs- 
onyx, 646 : Omithorhynchus, 
587 : Papto anubts , 686 : 
Susscrofa, 648 : 7 alpa, 648 : 
Tapirus indicus, 647 : Tetra¬ 
pod, 80 : Ursus americanus , 
679 

Undnates, Avef, 469: Co¬ 
lumba Itvia, 482 ,433 : Croco- 
dilus , 400 : Sphenotion, 899 , 
400 

Undina pcnicillaia , 888 
Ungual phaLinx, Felis lto, 
679 : Lepus cummins, 499 : 

Pinnipedia, 5*1 

" Ungulate,” South Ameri¬ 
can, 518, 569 

11 Ungulata vera "—See Peris- 
sodaotyla, Artiodactyla 
Unguligraile lout, Manxman*, 
644.649* V 

Unstriped musde, Craniata, 
82* 

U^g e r^|aw, Balctnopfet a, 064 : 

Upupidte t db2 
Urachus, Mammalia, 689* 

Ureter, Oraniata. 121: Colum¬ 
ba livia, 448 , 451, 468 : 
Didtlphys dorsigrra , 086 a . 
Eptatretus, 160 : Eriuarri- 
da, 078 : Lacerta, 375 : 
Lepus cuniculus , 614 , 515: 
Mammalia, 677: MyzinddM, 
151: Petromyion, 144 : 

Petromyson marinus, 1-H ; 
Phascotomys wombat , 686 : 
Rana, 818 : Salma fairio , 
848 : Irichosurus, 686 
Urethra, Lepus cuniculus, 515 : 
Mammalia, 677 
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Urinary bladder, Amis, MI: 
AwpMMa, 352: Dtdelpkys 
danlgm 1 , 085 i Erinactidee, 

07|:MNria,0»;Fuhes. 
m*: WnliWMlwH. 923 : 

cuuicuhu, at, 515: Mam¬ 
malia, £77: MutUma, 178 : 
Phucohmt wombat, 888: 
Kona, tu, 338: Salmo 
fario, MB, 233, MB: Ttleo- 
■W. 282: Trichosurus, 


Urinary duct—See Mesone¬ 
phric, Pronephric ducts 

Urinary papilla. Dog-fish, 18 S, 

195 

Urinary sinus, Ofaondriahthyas, 
aoj: Dog-fish, 185 ,195, 198 , 

Urinary tubule, Craniate, 119 *; 
Eptatretus, 150 

Lrinogonital aperture, Afina, 
881 : Craniate* 62*: Holo- 
eephali, 217: Lacerta, 874 : 
Lepidosteus, 881 ,282 : Lcpui 
cuntculus, 514 : Petromy- 
xon, 135 : Salmo fario . 237 

Urinogenital canal—See Vesti¬ 
bule 

Uriuogenital organs, Anna, 
281 : Amphibia, 351: Am- 
phtoxus, 48, 50: Appendi 
cularia, 28 : Asiidta, iK* . 
Ascidia stmphces, 28 : Aves, 
478: Callothvnchus antart- 
ttcus, 288 : Chalonia, 41b: 
Ghondriohthyes, 207: Lol- 
umbalivia , 431 ,452 : Crani¬ 
ate, ti8*. 190 : Crocodllia, 
416: Didelphys dorsigera, 
885 : Dog-fish, 103. 196 : 
Doliolum , 28: Enterop- 
neufte, 7: Epiceratodus fa¬ 
sten, 30T, 802 : Eriuauxda, 
678 : Ganoids, 281: Holo- 
eephali, 222 : I ncerta, 887 , 
874 : Lepidosteus, 281 : 
Lepus cuniculm, 514 : Mam¬ 
malia. 07O: Metetharia, 
685 : Petromyxon, 244: 

Phascolomys wombat, 885 : 
Ptychodera bakatnenus, 5 : 
Pyrosoma , 28: Rana, 327, 
828 : Reptilia, 4^: 
fario, 252: Saipa, 78: 
feleoitd, 280: I'richosui us, 
885 : Uroohorda, 28: Uro- 
Ma, 851 

Urinogenital papilla, Chon- 
driduhfas, 207: Dog-fish, 
198: Lacerta, 874 : retro- 
myson, 144: Petromyxon 

mrinus, 144 

Urinogenital passage—-See 
Vestibule 


Urinogenital sinus, CaUorhyn« 
ckus antavdiom , 222: Ohon- 
driehthyes, 207; Dog-fish, 
198 ,197! HetooejteH, 222, 
223 : Mammalia, 678 : Pet- 
mnyson, 144 : Pdtomyzon 
awfr w , 144 : Salmo fario, 

Uirohord—See Notochord 

Uroohorda, 12**39 

ITrodaum, Columba livia, m 
443, 4Sh «8 

Urodda. 333, 339-353 pauim 
Urohyal, Salmo farto, 244 
Uraiophus, 198, 801 
Urolophus crucial us, 108 
Uronemus, 293 
Uronemus lobatus, 291 
Uropygium, Columba livia, 427 
Urosthcneida, 287 
Urosthenes, 287 

Urostyle, Rana, 308, 809,818 : 

Salmo fario, 239, 240 
Crside, 375. 665 
Ursus, 004 

Ursitt americanus, 579 
Ursus ferox, 579 
Ufatetus, 6 21 

Uterine artery, I* pus cunicu - 
lus, 507 

Uterine crypts, Lepus ettni - 
cuius, 517 

Uterus, OhQOdriohthyes, 207: 
Didelphys dorsigera, 685 : 
Ennamda, 878: Entheria, 
54 r » 078: Bsloeephall, 222 * 
Lepus cuniculus, 515, 5Tb: 
Mammalia, 679, 088: Pet- 
amcles obesula, 601: Phas¬ 
colomys uombat, 685 : Tti- 
chosurus, 885 

Utems masculinus, Lepus cunt- 
cuius, 614. 515 - Mammalia, 

**77 

Uterine vein, Lepus cuniculus, 

607 

Utriculohocculut, Myxine, 160 
utriculus, Ohondriohthyei. 
206: Cnniato, nb*. 117 : 
Lacriia, 878 , 37*: Pflto- 
wyion, 144 : Sal uw fario. 


Vagina, Ghondiiohthyei, 307. 
Didelphys dorsigera, 686: 
Erinacrida, 878 : Butharia, 
678 : Lepus cuniculus, 614 , 
616 , 5*0 lUmmalia, 679 
Mdothcfia, 53« 1 Mustehna, 
878 : Phastolomys wombat, 
686 : Trichosurus, 6M 
Vaginal aeptum, Lepus cmii- 
cuius, 615 

Vagus nerve, Cattorhynrhus 
antarcHcus, 881 : Gnpuata, 


rot*: Dog-fish, 180 , 1 M, 
108 , 194 : Epieeratodm far- 
sim, 600 : Macroprtafick- 
thys rapheidolabis, 187 : 
Petromyxon, 148 : Torpedo. 

Vagus nerve foramen, Aoi- 
prneer, 878 : Apteryx mm- 
telli, 478 ; Cailorkynchus 
aniarciieus, 880 : Chimara 
tmmstrosa, 8U: Craniate, 
72*: Dog-fish, 181: Ich- 
thyophis glulinosa, 845 : 
Lepus cuniculus, 405 
Vagus nerve notch, Aeon- 
thodes, 158 
Valves of heart, 

670: Rana, 880 
Valvula cerebelli, Lacerta, 878 : 

Salmo fario, 251 
Vane—See VexUlum 
Varanosaurus, 380 
Varanus, 416 

Vascular area—See Area vas- 
culosa 

Vascular canals, cavity and 
layer of cosmoid scale, 64 
Vascular foramen, Tritylodan 
longavus, 510 

Vascular system, Amphibia, 
348-350: Amphioxus, 45-8 : 
Ascidia . 17-18: Aves, 47 s : 
Cephalodiscus, 9: Chon- 
dnohthyes, 205: Columba 
livia, 446-448: Dog-fish, 
186-q: Enteropneuste. 6: 
Epictralodus forsteri, 298- 
300: Fishes, 88*-95 ’• Lacer¬ 
ta, 360-370: Lepus cuni¬ 
culus, 504- 508: MiiiMtHi, 
669 *71: Petromyxon, 180 , 
140. 144 : Rana, 319-325 : 
BeptOia, 413: Salamandra, 
848 , 860 : Salmo fario, 218 , 
249 

Vascular trabecula, Ascidia, 17 
Vas efferens, Craniate, 122* : 
Lepidosiren, 306: Lepi- 
dostcus, 881 : Rana, 32H 
Vas deferens, Ascidia, 18: 
A sctdi a composites, 88 £ 
Ascidue simplices, 28 : Cal - 
lorhynchus antarcticus, 928 : 
Chondriohthym, 207: CdL 
umba livia, 448 , 451 . 458 : 
Craniate, xx8: Dog-fish, 196 , 
197: Holooephali, 222 : La¬ 
certa, W 4 , 375: Lepus 
cuntculus, 614 , 513: Mam¬ 
malia, 677: Salmo farto, 
848 

Vasodentlne, 82* 

Vasoganglia, Pstudophycis 
bmhus, 278 : NrataC^ 
Vastus internus muscle, Rana, 
817 

Veins—See Vascular system 
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Velar tentacles, Ampkioxm, 

43*. 44 

Velum, Ampktoxus, 43*, 44 : 
Myxtne, 149 Pstromyion, 

ar Potromyxon mannus, 

Vehim interpositum, 1 epm 
cumculus, (U 

Velum transveraum, lacuta, 
371 * 78 : Salmo fano, 261 
Venous system—See Vascular 
system 

Ventral aorta, Amphioxm, 4 L 
48 *. 47 : Ohoudnohthm, 
203 Onuuata, 87 . 93 : 
Dogfish, 188.186, 187 . 188 : 
risuea, 88*, 89 , 80 : Pftro 
myzoH martnus, 188 . Salmo 
jarto, 848 

\ entral aptenum, (olumba 
hvia, 488,481 

\ entral disc, Pteraspts ros 
rata, 188 

Ventral iin, Acipcnter ru 
thmus , 880 : Amia calva 
886 : G adus morrhua 800 : 
(ihptiwcphalu* rvtioglossus 
808 : Labi u hthy s psiMacula, 
880 : I epidostrus platysto 
wui, £88 : Ostracton, 881 : 
Polxptetus Inc hit 888 : Kita 
bw hanam 259 : S almo fai 10, 
888, 238. 243 848 : Stbtntes 
put aides, 880 

\ tntidl fissure of spinal cord, 

Oramata, 96 

Ventral flexme, Lacuta, 372 
Ventral lj mph sinus Rana, 818 
Ventral nerve Dalanogloint',, 
8 : Pfychtdeta bahamensn, 
6 : RhabdopUura 18 
\ Lutral plate Drtpanaspis 
gemvenaonemts 188 
Ventral ptcryla, Ardta 487 ; 

C olumba hvta 481 
Ventral space, Ardta, 487 
Ventral vessel 4 sctdta 18 : 
Balanoglos&m 8: I*t\chc 
dcia bahamtmi* 5 
Ventrules of biam Oramata, 
07* Dog hsh 190 ,191 La 
ctrta, 371 878 : lr/wt 

cumculus 511 

Vrntiic les of heart Aves, 446 : 
C olumba In la 448 , 440,447 : 
Oramata, 67 , 98,88 : (roco- 
ddm, 414 : Dog hsh, 186, 
187,188 : Ipiccralodus for 
itm 298, 899 : lushes 88*. 
89 , 90 : Lout to, 366, 867 , 
866, 418 : Iepus rum 
cuius, 504 , 303, 507 , 606 : 
Pttromyson mannus, 188 : 
Rana, 818 , 880 , 80 , 884 , 
886 : Septalia, 413 Salmo 
fano, £ 48 , 249 Salaman- 
dta, 848 


Ventricle, thud —hm Duuwle 
Ventricular upturn, Aw, 448 ; 
1 nrtle, 418 

Ventrolateral artery, Dog-fish, 

188 

Vertebral artery, Cohmba hv¬ 
ta, 447 : Dog-flab. 188 
Lepus emteultts, 506, 807 : 
Rana, SSL 

Vermiform appendix, 7 epos 
cuHteuhu, 504 

Vermis of cerebellum. Cants, 
678: I epu\ cumoultis, no, 
61L 313 

Vertebra., Acipeiuer, 881: Al 
Itgalor, 408 , 4*7 Anmiota, 
887 : totmn, 887, 343 
4 mphioxu\ SS, Sb Amo* 
daetyla, 5»7 Axes, 409, 

482 Raima mystuitus, 
588 : Carnivora, 577 Ceta- 
000,382,385 Ohelonia, 400 

Chiroptera, 351 dend- 
rofto, .31 Cohmba Into 
488 , 488 , ivt 448 : Crani¬ 
ate, ?o* Ltocodilus 400 : 
Dog fash 170 : Callus ban 
ktva, 480 : Cana, 469 
Gecko 408 Chnglymodi, 
234 lehthyonulhaa, 4 ‘*> 
Impannw, 409 Insecbvora, 
347 Labjnnthodanba, 335 
laurla 438, 850 : / tints 

cunuulus, 488 , 49 °. *68: 
7 tmicoler 4(19 Hfmin*lia, 
O37, 648, 0S2 Metathana, 
341, 44b Myrmetophaqa 

jubata 882 : Phocana turn 
mums, 586 : Pnmatm, Mo 
Protospondvli, 243 Pro- 
tothana.3.6 Pjthon, 40S 
Rana, 128 , 308. 800 , 810 - 
Rattler, 409 Kephlia, in'' 
119 Roetantm, 021 'salmo 
fano, 248 888 , BUS : Sirania, 
0i? he notion, 806 . 

Tdeoatai, 271 Ittrapwl 
887 : Xenarthra, 623 62b 
Vutcbral centra Ainblystotna 

848 : Amplulna, 342, 848 : 
( Helont mvdas, 402 : Chon* 
druhthyes, iqg ( olumba 
Itvia, 442 488 : Cramata, 
87, 70* (rocothlut 600 : 
Dog fish, 170, 186 : G ymtto 
phiona 313 Loretta, 33s, 
860 : l epus cuntcului, 489: 
Innmim, G33 Palao- 
ipondylusjunnt, 171: Pol\- 
pterus, 878: Rana, 308,809: 
Ramdens 843: ReptDia, 398 
Salamandnna, 848 : Salmo 
Jano 238 888, 860, 848: 
Scymnothtnus, 800 : Spc- 
Inpf s 848 : Sphntodon, 898: 
UraWa, 34a. 343 „ 

Vertebral column, Aotpettser, 


271. 872: Anna, 271 
Amphibia, 342 Chmma 
numstrosa, 818: Choadzkfc- 
ttna, 199. Chortala. 40* 

Cohmba Ima, 431 Oram- 


Dog-fish, 179 , 180 : Lp*- 
ceralodus forsUn , 295 - Ge- 
muendtna sturtxt, 170 : flta- 
glymodi, 234 Heptranckia* 

199 Hemnchus, 199 Hoto 

oepbali, 816 , 2t8 / aorta, 

358 Lxptdosteus 271 Lop 
us cunvculus, 489 Mam¬ 
malia, 637 PalaoxponMus 
gunm, 170 Polypterus, 878 : 
Rana, 308, 808 : BeptUm, 

200 Salmo fano, 238, 
860 : Sevmnorfonus, 800 : 
Sphenodon, 888: Tuleostai, 
271 

Vertebral formula, C olumb 1 
hvia, 434 

Vertebral plite, Am, 482 
Chondncnthyes, 200 211 
Onuuata, 122* Urolophu 
801 

Vertebral nbs C olumba how 

488 : Oramata, 7°* 

Vutebral vein, tolumba hvia 
447 

Vertebrarteml lanal, Lrfiu 
cumculu* 48g 

Vertebwrten ,1 forimen, (0 
lumba hvia 488 , 433 
Vertical etnal of ganoid scale, 

06 

Vcsinl arte 1 y I epu* cuni 
culm, 507 : Rana , 884 
\p<ucal vans, 1 tpm cum 
culm 507 : Rana 888, 3 2 3 
884 

Vesicles of Savi 11 c cine Rays 
206 

Vesicula seinuulis, Callo 
thyiuhus antarchcus 888 : 
Chondnchthyea. 207 C o 
lumba hvia 451, 468 : Dog 
fish, 186 , 19/ Holooephali, 
223 Mamm a li a, 5/7 
Rana 8U, 328 
T cspnhho, 331 
Vestibule, Amph\o\us, 42* 
DuUlphys donigera 066 : 
Dogush, 188 , 194 Itpus 
cumculm, 611 510 Mam¬ 
malia, 6/9 Mustohna, 678 : 
Phascolomys wombat, 086 : 
J nchotww 686 
\ cxiltuni of feather, Aves, 480 : 

Cohmba hvta, 428 
Vibrissa*, Maiiiwiahn, 635 
Vieussena, valve of, I epus 
cumculus, 611 , 618 ,3x3 
Villi of chonon<-*Seo Chonomc 
villi 

Viper, 389 
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Visceral arch, <h — < r*T 73* t 
Dog-fish, 180 , 181, U>; 
Efnctratodut forsteri, Ml! 

Be aHHfc 4 og 

Visceral her, 87 , 73* 

Visceral layer, Ampktoaui, 18 
Visceral nerve, OTanials, 108 : 

Dog-fish, US 
Visceral skeleton, n— 

73*: Petromyeon, 138 
Viscerobranchial vessel, Asci- 
dia, 18,17* 

Visceromotor components, 

Onatefa.97* 

Visceromotor root, Onniata, 
101* 

Viscerosensory impnlses, 

qj* 

Viscerosensory root, Craniate, 
iox* 

Vishnuthertum, 60s 
Vitelline arteries, Avos, 483: 
Craniate. 93 

Vitelline membrane, 51*: 

Are*. 484 

Vitelline veins, Ares, 483: 

Craniate, 08 : Li pus, 888 
Vitreous chamber o£ eye, 

Craniate, 114* 

Vitreous humour of eye. Crani¬ 
ate, 114* 

Vitrodentine of cosmoid scale, 

Vwertida, 573, 575 
Viviparous Amphibia, 352 
Viviparous Blenny—S co^oa /1 es 
Viviparous ReptiUa, 410 
\ ocal organs, Are*. 477: 
i olumba luna , 443 : Lepus 
cuntculus , 504, 30b : Rana , 
319 

Vomer, Anas bo&ihus, 478 : 
Apteryx mankllt ,478 : Aves. 
486 : Bony skull, 76 : Cann- 
attr , 474 : Chclone mvdas, 
406 : Chelonia, 406: Crani¬ 
ate, 70* : Orypturi, 472 : 
Emy europit a, 406 : Ept- 
ceratodus fonttri, 888 : O/o- 
biocephalus, 888: Homo, 
681 : lekthyophis ehUxnosa, 
846 : Lacrrta, 881 , 302 : 
Lepus cunnulus , 488 , 493 : 
Loxodonta afrti ana , 604 : 


Vomeronasal organ. Craniate, 
103* 

Vomeropalatixie, Salamandra 

atra. 846 : CMWa, 344 
Vultor, 461, 470 
Vulture*—See CatharUs , Gy- 
paitus , VuUur 

Vulva, Le 6 us cuniculus, 316: 

Mammalia, 679 


Waders—S ee Charadriidee 
Wallabies—See Halmatvrus 


Walrus—See Odobttnida , Pin- 


Mammalia, 889 : Manatus 
semgaUnst'i, 818 : Orni- 
thorhynehu ?, 687 : Pameri- 
formm, 472: Rana, 808 , 
811 , 3x2 : Rattler. 472 ; 
Salamandra atra, 846 : Sa/- 
tno fario , 240, 242, 844 : 
Sphenodon , 404 , 405 : TVo- 
ptimm*us natrix, 408 : Vro- 
0011,344: SauuUna, 628 

Vomerine teeth, Callorhynchus 
anlarctiius, 880 : Epuxra- 
todus forsteri, 886k 297 


XipUitamum, Ctoteoea, 585: 

, 49X : Mam- 
rnaha 638: Protothwte, 
gO^Jfoww, 814, 3*5: Bo- 

Xiphodon , Goo 


Yellow spot, S/omo, 111 
Yolk, Marnt—liu, 680 ; JYfc- 
tiurus, 800 

Yolk cells, Rana , 188 , 329. 
880 ,331 

Yolk endoderm, Lacerta. 418 : 


Wandering Albatross—See 

Dtomedea exulans 
Warblers-See Sylvtidee 
Warning coloration, Amphibia, 
342 

Water-lisards, 420 
Weasel, 886 

Weberian ossicles, Osterio- 

phyii, 261; TeleoaM, xi8«, 
280 

Weever—Sec Traehinus 
11 Whalebone 11 Whales—Sec 

MystacasH 

Whale-headed Stork—See 

BaUenkeps 

Wheel-organ, Amphioxus, 42 * 
White matter of brain, Crani- 

ate« 80* 

Whiting, 261 

Wing, Apteryx , 480: ATM, 
475 : Columba hvia , 426 : 
inlpeniie*, 471 . Opisthoco- 
mus , 468 : J’cnguins, 475 : 
Pengutnus impenms , 4 71. 
Wing-coverts, Columba Hvia , 
431 

Wing-tract—See Alar pteryla 
Wolf, 676 

Wolffian body—See Mesoneph¬ 
ros 

Wolffian duct, Amphibia, 352 : 
Urodate,851 

Wolverines—See Mustelid# 
Wolves -See Canid* 
Wombat—Sec Phascolomys 
Woodpeckers—See Pictdee 
Wrasse—Sec Labrichthys psit- 
tacula 


Xram, 622-631 
X nopus, 342 , 347 
Xenosatmda, 433 
Xiphiplaatnm, flMlfla, 


istudo Maria, 401 


Yolk endoderm, Laearta, 418 : 

YoUcnodd?J^fetfwrw, 809 
Yolk plug, Epiceratodus for• 
steri , 301, 808 : Rana , 329. 

Yolk sac. Aval, 48ft: CaUo- 
rhynchus antarcHucs, 884 : 
Chondrichthyes, 818: Ept- 
ceratodus forsteri , 303: Gal¬ 
los bankiva , 488 : Hvpsi - 
prymnus rufeseens , M0: 

888 : Lepus cum - 
ru/uj, 610: Mammalia, 68s, 

683, 884 : Perameles obesula, 
881 : Phascolantos cinereus, 
880 : Salmo fario. 258, 254 
Yolk sac placenta, 689* : 

YdSfrtall^lfcMunaUa, 683 
Youngtna, 387 


Zabiqsmvb, 525 
Zalambdalestc s, 545, 860 
Zalambdalestes leche i, 644 
Zalambdalestida , 545 
Zalambdodont bsmm, 343 
Zalambdodont molars, Mam* 
man* 655* 

Zanycteris , 531 

Zebra, Blircnoll's—See AgwuA 
burcM/i 
ZeomorpU, 261 
Zeughion, 583, 684 
Zeuelodonhda, 383 
Ziphitda, 584 

584 

Zoarces. 282 

Zona pelludda, ma.iwi—.iia l 

864 

Zona radiata, 680*, 

684 : Salmo fario, 334 
Zonary placenta, 689* 
Zwwrwa, 433 

Zooids, Doholum, 36, 87 : 

/yromNM, 33 
Zygmna, 198 

Zyeantrum, Iguana, 400 : O^fi- 
91400: Python,I 
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mcopktit jnbata, 688 ; On, 6*7, tai $86 L«/Mf a* Mtrfw, 488, 

Rum, ME 310 Saimo Zygomatic arch, I«Mi «ml> 494 
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